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Abstract 
Unmanned aerial vehicles (UAVs) also known as drones have significant potential in the 
healthcare field. Ethical and practical concerns, challenges, and complexities of using drones 
for specific and diverse healthcare purposes have been minimally explored to date. This thesis 
aims to document, and advance awareness of diverse context-specific concerns, challenges, 
and complexities encountered by individuals working on the front lines of drones for health 
projects. It draws on original qualitative research and data from semi-structured interviews (N 
= 16) with drones for health program managers and field staff in nine countries. Directed 
thematic analysis was used to analyze interviews and identify key ethical and practical 
concerns, challenges, and complexities experienced by participants in their work with drones 
for health projects. This thesis shows how the key ethical and practical concerns, challenges, 
and complexities are interrelated. Concerns and challenges can be mitigated through the 
development of appropriate guidelines and regulations and community engagement initiatives.  
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Summary for Lay Audience 
The use of unmanned aerial vehicles (UAVs) also known as drones is now expanding into the 
healthcare field. Drones are being used to deliver medical supplies, biological samples, live 
vector, and for mapping. The implementation of new health technologies in healthcare can 
potentially raise new ethical and practical concerns, challenges, and complexities. It is 
important to identify and understand these concerns, challenges, and complexities prior to 
introducing these technologies so that those introducing these health technologies are better 
prepared to mitigate any potential issues. Recognizing how local customs and cultures shape 
concerns, challenges, and complexities is especially important when these health technologies 
are being introduced at the global level. Currently, there exists limited literature that describe 
the challenges of implementing drones in the context of healthcare delivery.  
This thesis aims to document and advance awareness of diverse context-specific concerns, 
challenges, and complexities encountered by individuals working on the front lines of drones 
for health. It does so based on interviews with 16 individuals from nine countries that have 
experiencing introducing drones for healthcare programs. The interviews provide these 
individuals with the opportunity to describe their experiences of introducing drones for 
healthcare programs. Through the analysis of these interviews key ethical and practical 
concerns, challenges, and complexities were identified. This thesis outlines how key ethical 
and practical concerns, challenges, and complexities are interrelated. It also proposes that 
concerns and challenges can be mitigated through the development of appropriate guidelines 
and regulations and community engagement initiatives that are created with appropriate 
stakeholders and communities that are impacted by these drones for health projects.  
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Chapter 1  
1 Introduction 
Unmanned aerial vehicles (UAVs) also known as unmanned aerial systems (UASs) or 
drones are aircraft that do not have an onboard human pilot. Initially, drones were 
exclusively used for military purposes (Kindervater, 2016). Since their first appearance in 
World War I, the development of drones has expanded significantly to include a range of 
recreational and commercial activities. These include search and rescue (Claesson et al., 
2017a); package delivery (Hern, 2016); surveying and mapping (Jegillos, 2017); 
journalism (The New York Times, 2018); policing (Gault, 2020); construction and 
infrastructure inspection (Li & Liu, 2018; Microdrones, n.d.); precision agriculture 
(Kesteloo, 2019); wireless coverage provision (Harnett et al., 2008); environmental 
monitoring (Cohen, 2007); waste management (Leizer, 2018); mining (Suh & Choi, 2017); 
and inspection and insurance (Lamb, 2016).  
The integration of drones into health systems represents an area of massive potential for 
drones (Claesson et al., 2016; Claesson et al., 2017b; Drone Delivery Canada, 2018; 
Fornace, Drakeley, William, Espino, & Cox, 2014; Gardner, 2016; González, Vazquez, 
González, Buhse & Arias-Estrada, 2017; Harnett, Doarn, Rosen, Hannaford, Broderick, 
2008; Healthcare IT News Australia, 2018; Katariya et al., 2018; Latimer, McCoy, & 
Sayre, 2018; Médecins Sans Frontières, 2014; Merchant & Groeneveld, 2017; Nouvet et 
al., 2019; Rosen, 2017; Shakhatreh, 2018; Stahl, Timmermans, & Flick, 2017; UN's 
Children Fund, 2017; Van de Voorde et al., 2017). The importance of drones supporting 
healthcare services may be particularly significant in rural and underserved areas. The 
definition of rural area varies based on how countries characterize rural areas (United 
Nations, n.d.). However, normative use of the term defines rural areas as areas that are not 
urban in nature—they are not inhabited at “urban density levels” and these levels are 
country-specific (Moreno, 2017; United Nations, n.d.). Underserved areas refer to 
geographical areas that have limited access to quality healthcare services and healthcare 
providers; these are areas where the relatively poor reside (World Health Organization, 
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2010). Half the world’s population lives in rural areas, but only 23% of health workers in 
the world work in these areas. In other words, the shortage in health workers is twice as 
high in rural areas as compared to urban areas, based on the International Labour Office, 
Social Protection Department’s statistics of 174 countries (Scheil-Adlung, 2015). 
Additionally, 56% of the world’s rural population does not have access to health coverage; 
the global deficit in rural health coverage is 2.5 times higher compared to urban areas 
(Scheil-Adlung, 2015). These statistics underscore how underserved rural communities are 
and the need for improved healthcare in these areas. 
Drones are not the first technology with significant potential to increase health coverage to 
underserved rural populations. Telemedicine provides one strategy to address this issue by 
enabling patients to obtain medical expertise through the use of information technologies 
and telecommunications (Finn & Wright, 2012). Telemedicine has developed to include 
healthcare services such as teleconsultation and telesurgery (Wootton, Craig & Patterson, 
2006). However, telemedicine presents serious limitations when it comes to any transport-
contingent elements of healthcare. Until now, the delivery of medical supplies and 
biosamples for diagnostic or treatment purposes, such as blood, to these remote 
communities relies on traditional transportation methods such as by foot, aircraft, or 
automobiles (Health Canada, 2014; Rosen, 2017). Access using these methods can be 
difficult and time-consuming since some rural communities are in hard to reach areas. 
These communities may, for example, be located far from local hospitals, lack or have poor 
ground transport infrastructures, or be in mountainous areas (Gardner, 2016; Health 
Canada, 2014; Rosen, 2017). Drones have the potential to circumvent this problem, as they 
have the ability to fly to these areas to transport the necessary medical supplies and other 
resources. For example, in Canada, Drone Delivery Canada has partnered with Moose Cree 
First Nation communities living in remote areas of Northern Ontario to deliver goods such 
as medical supplies (Drone Delivery Canada, 2018).   
The potential for drones to support health systems extends beyond rural areas. Drones hold 
significant promise to support infectious disease control and public health emergency 
response. The use of drones has further expanded since the COVID-19 pandemic: drones 
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are used to spray disinfecting chemical in public spaces; to issue public health 
announcements reminding individuals to maintain the recommended six feet distance from 
their fellow citizens; to transport medical supplies, such as PPE, vaccines, samples and 
blood to hospitals in need of these supplies; and to deliver medications, masks, and 
sanitizers to elders living in remote communities (Bailey, 2020; Glaser, 2020;  MacFarland, 
2020; Phillips, 2020; Reuters, 2020; Sherwood, 2020; Wood, 2020; Yang & Reuter 2020). 
During this COVID-19 pandemic, it could be seen how drone technology can be quickly 
adopted and serve a multitude of purposes.  
1.1 Study Aim  
While many have commented on the potential promise and impact of drones for health, 
little to date has been published about actual processes, lived experiences, and observed 
impacts of such integration. This thesis makes a contribution to that knowledge gap. It is 
based on results from an original qualitative study consisting of interviews (N = 16) with 
individuals on the front lines of introducing drones for health into rural communities in 
varying countries. The goals of this study are to:  
1. Deepen understanding of the ethical and practical challenges that front line staff 
face when introducing drones to local communities for health-related purposes. 
What are the differences and similarities in their reported experiences?  
2. Document and understand the rationale for strategies those involved with drones 
for health used to facilitate the introduction of drones for health programs. What 
are the differences and similarities in their reported experiences?  
3. Identify best practices as seen by practitioners for introducing drones for health to 
communities, with the goal of supporting future decision-making or health system 
integration practices related to the use of drones for healthcare. 
This study aims to advance understanding of the ethical and practical complexities of 
introducing drones for health in diverse international settings. It includes both theoretical 
and practical goals. This project responds to calls for the development of what Peckham & 
Sinha (2018) call “drone theory in global health”: more critical engagement with the social, 
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political, and ethical meanings and practical implications of the biomedical drone in global 
health supposed problem-solving. There exists only very limited empirical evidence to date 
on ethical and practical hopes, concerns, or challenges related to the use of drones for health 
in resource-limited or resource-richer settings.   
This thesis takes as a premise that what qualifies as practical and ethical drone usage in 
healthcare contexts cannot be defined abstractly. Such parameters need to be determined 
in consultation with those interacting with drones. This thesis was developed in dialogue 
with industry partner WeRobotics, a key player in supporting the expansion of drones for 
development in the world. It is responsive to a call to deepen the understanding of drones 
for health implementation processes identified by WeRobotics co-director and -founder, 
Patrick Meier. It reflects in its methodology conviction that it is only by speaking with 
those on the front lines of implementing drones for healthcare that we can learn about 
different contextual particularities for such drone use, identify best practices, and develop 
guidance to inform future decision-making or health system integration practices related to 
the use of drones for healthcare. While this project gathers insights only from stakeholders 
implementing drones, it does begin the work of documenting and synthesizing learning 
from a sample group of those stakeholders about the ethical and practical realities of 
integrating drones for health in particular contexts.  
This connects to the practical intended contribution of this thesis. Best practice guidelines 
have not been developed for the use of drones in non-emergency health systems; this 
project aims to support evidence-informed efforts to develop such guidelines. Industry 
partner, WeRobotics is currently using best practice guidelines developed for drone use in 
humanitarian context—this best practice guideline is not specific to drone use in the 
healthcare-context (UAV Code, n.d.; WeRobotics, 2018). The lines of enquiry in this 
project were developed in dialogue with co-director of WeRobotics, Patrick Meier, and 
incorporate WeRobotics’ interest in clarifying best practices for working with rural 
communities in the development of drones for health programs. Through co-design with 
WeRobotics from the outset, this study and its findings are positioned to provide evidence-
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informed drone users’ understandings of best practices that can serve to inform and guide 
implementation of drones for health programs in communities throughout the world.  
Though regulatory frameworks and toolkits are being developed to guide the operations of 
drones, they are neither extensive nor specific to drone use in the context of healthcare 
(Federal Aviation Administration, 2019a; Federal Aviation Administration 2019b; 
Government of Canada, 2019). Additionally, toolkits that were developed by the Federal 
Aviation Administration, such as community engagement toolkits, were not specific to 
drone use in healthcare (Federal Aviation Administration, 2019a). Instead, these toolkits 
focus on drone safety, and ‘do’s’ and ‘don’ts’ during drone flights for recreation, hurricane, 
and wildfire use (Federal Aviation Administration, 2019a).   
This study is the first exploratory study of its kind. The findings from this study are 
intended as grounding for a larger multi-sited study of values informing adoption or 
resistance to drones for healthcare and will include exploration of target populations’ 
perceptions of drones for health programs. 
1.2 Theoretical Framework  
1.2.1 Global Health Ethics 
This research takes a global health ethics framework as its theoretical point of departure. 
Global health is defined as:  
“an area for study, research, and practice that places a priority on improving health 
and achieving equity in health for all people worldwide. Global health emphasises 
transnational health issues, determinants, and solutions; involves many disciplines 
within and beyond the health sciences and promotes inter- disciplinary 
collaboration; and is a synthesis of population-based prevention with individual-
level clinical care” (Koplan et al., 2008).  
The multitude of overlapping crises that threaten the health of many individuals resulted in 
the development of global health ethics (Pinto & Upshur, 2013). Global health ethics, a 
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new and emerging field, is the process of applying ethical analysis to various global health 
issues (Pinto & Upshur, 2013; Stapleton et al., 2014). Ethical analysis helps evaluate the 
different courses of action taken to mitigate global health issues and their social 
consequences; anticipating the social implications of these actions will mitigate any 
potential risks and consequences that stakeholders need to bear as a result of these global 
health initiatives (Benatar, Daar, & Singer, 2003; Pinto & Upshur, 2013). Ethical analysis 
brings a critical perspective to global health work that encourages reflection and 
deliberation about social justice, fairness, professional duties, duties to others, and power 
imbalances (Pinto & Upshur, 2013). Global health ethics may attend to any number of 
interrelated issues at once, taking into consideration, for example, how human rights, 
economic opportunities, good governance, and peace and development play a role in global 
health issues (Benatar, Daar, & Singer, 2003). Ultimately, a global health ethics lens is 
guided by a goal of reducing risks of doing harm and encouraging individuals to do their 
best in the context they are working in (Pinto & Upshur, 2013).  
Global health origins date back to tropical medicine and international health which are a 
result of colonialism and the industrial revolution, respectively (Pinto & Upshur, 2013). 
These fields of medicine served elite political and commercial interests; normalizing the 
authority and expertise of privileged groups, while often pushing aside as irrelevant or 
irrational indigenous, racialized, or poor populations’ knowledges or health-seeking 
practices (Pinto & Upshur, 2013). Tropical medicine and international health operated to 
deny the value and importance of local knowledges as well as non-specialized populations’ 
inputs on healthcare program design (Pinto & Upshur, 2013). Global health ethics falls 
within critical global health approaches. It is mindful of the historical past of global health, 
and advocates for awareness of how this legacy of colonialism and imperialism impacts 
relationships between those leading global health efforts, and the populations these claim 
or aim to serve (Godard et al., 2018; Pinto & Upshur, 2013). Moving beyond such 
normative inequalities between the knowledge/expertise/authority of some, over local, 
non-professional, or indigenous knowledges, requires ensuring methods used in research 
actively seek ways to bring historically under-represented perspectives to bear on global 
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health policy and practice. While there is no doubt individuals from the host community or 
receiving end of drones for health projects must be involved moving forward in elucidating 
the practical and ethical complexities of drone technologies in the space of global health, 
this project does initiate consideration of under-represented perspectives by foregrounding 
experiences of individuals involved with drones primarily in the Global South, and based 
on work in and with populations in underserved rural areas. 
Global health addresses a wide scope of complex issues and challenges—this means that 
ethical issues require inter-professional, trans-disciplinary, and transcultural understanding 
(Godard et al., 2018; Pinto & Upshur, 2013). Public health ethics and bioethics have 
provided principles and frameworks that helps guide the thinking and understanding of 
global health ethics (Pinto & Upshur, 2013). For example, the principles of bioethics 
include autonomy, beneficence, non-maleficence, and justice (Pinto & Upshur, 2013). 
These principles provide an ethical framework for conducting health research involving 
humans—these principles are used as benchmarks by research ethics committees 
influencing medical research internationally (Pinto & Upshur, 2013; Stapleton et al., 2014). 
These principles then lend themselves to the understanding of normative global health 
ethics (Stapleton et al., 2014). Additionally, according to Benatar et al. (2003), there are 
seven underlying values global ethics is built on: 1) respect for all human life; 2) human 
rights, responsibilities and needs; 3) equity; 4) freedom; 5) democracy; 6) environmental 
ethics and most importantly; 7) solidarity. These values inform an individual’s 
understanding of the morality of global health (Benatar, Daar, & Singer, 2003; Pinto & 
Upshur, 2013). 
Of these values, solidarity is recognized as very valuable to global health and global health 
ethics because it promotes mutual caring, encouraging individuals to foster the above-
mentioned values and question indignities, violations of human rights, inequities, lack of 
freedom, undemocratic regimes, and damage to the environment (Benatar, Daar, & Singer, 
2003; Pinto & Upshur, 2013). Solidarity is fostered when communities are mobilized, there 
is capacity building of local organizations and civil societies, and power imbalances are 
bridged (Pinto & Upshur, 2013). Centering global health initiatives around community 
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engagement is one way to foster solidarity (Pinto & Upshur, 2013). This involves 
upholding community self-determination respecting community customs and codes of 
practices, ensuring that these initiatives are of social value to the local community, and 
sharing outcomes and results of the initiative to communities (Pinto & Upshur, 2013).  
The Global West attempts to systematize global health ethics through the development of 
ethical frameworks (Godard et al., 2018; Pinto & Upshur, 2013). However, global health 
ethics must rely on tactile modes of knowing; global health practitioners need to integrate 
themselves within the communities they are working in, to experience and contextualize 
the ethical issues that may arise from global health initiatives. Developing these modes of 
knowing requires engaging with communities and those who benefit from innovation in 
global health instead of passively conforming to existing guidelines (Godard et al., 2018). 
Engaging with communities allows public health practitioners to better contextualize the 
moral reasoning of global health initiatives (Benatar, Daar, & Singer, 2003; Godard et al., 
2018; Pinto & Upshur, 2013). What is considered “right” is neither self-evident nor 
universal (Pinto & Upshur, 2013). Ethical debates emerge because of the contexts they 
occur in; different individuals, communities, and organizations have different concepts of 
what is “right” (Benatar, Daar, & Singer, 2003; Godard et al., 2018; Pinto & Upshur, 2013). 
People in different countries hold different values and/or place different weights on 
common values meaning that there may be more than one way to address global health-
related ethical challenges (Godard et al., 2018; World Health Organization, 2015). Ethical 
standards, therefore, may not be universal (Pinto & Upshur, 2013; World Health 
Organization, 2015).   
Ultimately, global health ethics aims to reduce health inequalities by critically evaluating 
global health initiatives’ social consequences with an ethical lens. Global health ethics is 
currently at its infancy, however, reflections surrounding ethical issues in global health 
should be deepened to better identify strategies to manage competing ethical 
responsibilities while promoting the implementation of global health initiatives (Godard et 
al., 2018). 
 
 
 
9 
1.3 Thesis Outline  
This thesis includes five stand-alone chapters, including the present chapter which serves 
as an introduction to the research question and its significance, as well as the below brief 
description of subsequent chapters.  
Chapter two presents an overview to help better understand this research topic. This 
overview provides a background on current uses of drones in the healthcare sector. 
Additionally, it provides a background of ethical and practical concerns related to the use 
of drones in healthcare identified in the literature. This chapters highlights some of the gaps 
in the literature that this research attempts to address.  
Chapter three includes a description of the methods utilized to conduct this study. It 
describes how participants were recruited and how semi-structured interview guides were 
developed. It goes into detail about how the data collected from the study were analyzed.  
Chapter four is the main findings chapter and comprises a published academic article 
(published in August 2020). It describes the key themes identified in the 16 interviews 
conducted for this study based on directed and thematic analysis. It provides a description 
of the participants, who participated in the study, and the kinds of drones for healthcare 
projects they are involved in. This chapter summarizes indirect benefits, direct benefits, 
concerns, ethical challenges, and practical challenges related to the implementation of these 
drones from health projects. Chapter four includes by necessity, given it is formatted as a 
self-contained manuscript for a journal submission, methodology, and discussion sections, 
and as such creates some repetition within the thesis.  
Chapter five is the final chapter of this thesis. This chapter briefly summarizes the study’s 
key findings and their significance within drones for health scholarship. Specifically, the 
results of this study are unpacked in relation to the literature described in chapter two, and 
with the attentiveness to local knowledge, power relations, and issues of equity and justice 
that constitute the trademark considerations with analysis informed by a global health 
ethics framework. Key implications of the study’s findings for the development of a global 
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guidance document are outlined. Finally, this chapter describes the limitation of this study 
and provides future research suggestions that could advance the findings and application 
of this study. 
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Chapter 2  
2 Background  
This chapter presents an overview of the current uses of drones for healthcare and the 
ethical and practical concerns identified in the literature relevant to using drones for 
healthcare. This background aims to situate the significance of this project within broader 
discussions of expanded drone uses, and highlights gaps in current literature about the use 
of drones in healthcare. Section 2.1 is an extension of a scoping review I co-authored 
focused exclusively on applications of drones for health within the North American context 
(Hiebert, Nouvet, Jeyabalan & Donelle, 2020). 
2.1 Drones for Healthcare Delivery 
To identify challenges, opportunities, and ethics of drones for healthcare delivery it is 
important to understand the current uses of drones for healthcare delivery. Gaining a better 
insight on what drones are being used for, where it is being used, and what it transports can 
inform future trends for drones in healthcare and the potential context-specific challenges 
and opportunities associated with the use of drones. In addition, recognizing the current 
use of drones in healthcare delivery will illustrate the rapid growth of this technology in 
healthcare and the urgent need to identify best practices, and develop guidance to inform 
future decision-making or health system integration practices related to the use of drones 
for healthcare.  
2.1.1 Medical Transport System and Patient Care 
Madagascar, Malawi, and Senegal have conducted drone test flights to successfully deliver 
medical samples in a timely and efficient manner for diagnosing and treating medical issues 
such as tuberculosis and HIV (Knoblauch et al., 2019). In North America, drones were 
used to deliver critical medications to an underserved, rural Appalachian region in 
Virginia—the pharmacist received a package containing medications from the drone, and 
then distributed the medication to the patients (Gardner, 2016). This was an efficient way 
to deliver healthcare to a region that is in a mountainous area and experiences frequent 
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heavy snowfalls in the winter (Gardner, 2016). In 2016, the drone company Zipline, started 
performing commercial tests to use drones to deliver blood from Rwanda’s capital city to 
local hospitals (Ling & Draghic, 2019). The drones were able to deliver blood in 15 
minutes, whereas it normally takes four hours by road; this can save many lives especially 
during life-threatening emergencies (Ling & Draghic, 2019). Drones have also been tested 
to deliver other medical supplies such as oxytocin for maternal health, human organs, and 
essential medicines, and contraception for women (Knoblauch et al., 2019; Laksham, 2019; 
Scalea et al., 2019). Furthermore, studies have shown that drones delivering automatic 
external defibrillator (AED) can reach a victim approximately 19 minutes faster than the 
emergency medical services (EMS), improving patient survival and recovery rates 
(Claesson et al., 2016; Claesson et al., 2017b; Latimer, McCoy, & Sayre, 2018; Merchant 
& Groeneveld, 2017; Van de Voorde et al., 2017). Additionally, Harnett et al. (2008) 
overcame the barrier of absent wireless networks in a battlefield by using a drone to 
establish a wireless communication network so that surgeons can perform telesurgery 
(Harnett et al., 2008). The ability to deliver medical supplies in emergency and non-
emergency situations, assess the likelihood of an infectious disease outbreak, and perform 
diagnostic testing using drones allows healthcare professionals to remotely provide care 
(Subbaro & Paul, 2015).  
2.1.2 Laboratory Diagnostic Testing  
As mentioned above, the use of drones expedites the process of delivering biological 
samples to laboratories in order to diagnose patients in a timely manner (Knoblauch et al., 
2019). In addition, pre-processing the samples en-route during drone transportation helps 
preserve the viability of the biological samples (Katariya et al., 2018). Katariya et al. (2018) 
programmed drones to do a simple flip maneuver demonstrating that samples could be 
mixed during drone flights. Priye et al. (2016) developed a portable biochemical analysis 
platform that creates a “lab-on-a-drone”, where polymerase chain reaction and 
centrifugation can be performed using drones. These drone functions further expedites 
testing processes, ensures that samples are preserved, and improves access to lab services. 
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2.1.3 Public Health 
Drones have been used for public health surveillance to monitor the epidemiology of health 
problems. For example, drones were used to obtain spatial information in order to integrate 
human and macaque, species of Old World monkeys, movement and vector bionomics to 
understand the epidemiology of zoonotic malaria (Fornace, Drakeley, William, Espino, & 
Cox, 2014). Additionally, drones have been used to monitor wildfires so that the wildfires 
can be assessed and managed (Cohen, 2007; Levine et al., 2004). Furthermore, a study 
used drones to assist paramedics with assessing and identifying hazards of mass-casualty 
environments to prepare paramedics when they arrive on scene (Jain 2018a; Jain 2018b). 
Furthermore, drones have been used for emergency response such as search and rescue and 
backcountry emergencies (Clark, Ford & Tabish, 2019; Van Tilburg, 2017)  While such 
use of drones can provide important epidemiological support within health systems, it also 
raises ethical concerns which will be discussed in greater detail below.  
2.2 Ethical and Practical Concerns Related to the Expanded 
Use of Drones in the Literature 
Many have expressed concerns about the expanded use of these drone technologies in 
society. These include concerns about the impacts of drone use for different purposes on 
privacy, individual and population safety, dual uses of drones, obtain affected populations’ 
consent for drone use, as well as limited regulations and guidelines in general. A majority 
of these concerns are expressed in the literature vis a vis the use of drones outside 
healthcare usages. There are only a few identified concerns that pertain specific to drone 
use in health (Peckham & Sinha, 2019). In the face of limited scholarly exploration of 
ethical and practical challenges and concerns of using drones for health, these more general 
concerns about drone uses are nevertheless important to pay attention to, as these signal 
areas of potential concerns that may arise when using drones for healthcare purposes.  
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2.2.1 Privacy Concerns   
At present, privacy represents a significant ethical issue with drone use. Privacy concerns 
have emerged due to the drone’s ability to capture real-time aerial and thermal images and 
videos; drones capture videos and images of patients, public and private spaces, and 
civilians inhabiting these spaces (Abrahamsen, 2015; Finn & Wright, 2016; Gevaert, 
Sliuzas, Persello, & Vosselman, 2018). In general, drones are capable of identifying and 
tracking individuals, thereby infringing an individual’s privacy of location and information 
(Finn, Wright, & Friedewald, 2013). For example, data collected by drones can be analyzed 
to inappropriately detect an individual’s behaviour, expose their habits, and organizations 
may use this information to penalize the individual—this may include infringement of 
individuals’ freedom, public shaming, and fining individuals (Gevaert, Sliuzas, Persello, 
& Vosselman, 2018; Righetti, Vallati, & Anastasi, 2018). This can potentially impact the 
privacy of data and images, as individuals may not be aware that drones are monitoring 
them (Finn, Wright, & Friedewald, 2013). Drones’ ability in many instances to record and 
stream videos and images to a large number of people could potentially make it challenging 
to protect patient privacy and confidentiality (Abrahamsen, 2015). Finally, drones can 
infringe the privacy of space as it can record images and videos of an individual’s private 
spaces including capturing images inside homes, offices, and backyards (Abrahamsen, 
2015; Dayananda, Gomes, & Straub, 2017; Finn, Wright, & Friedewald, 2013). These 
videos obtained by drones need to be anonymized and treated as part of a patient’s medical 
records for confidentiality and privacy purposes (Abrahamsen, 2015).  
Like other health technologies, the use of drones in healthcare to record information, visual 
or other, does raise questions of who owns the data, who has access to the data, and whether 
it is necessary to record this information (Abrahamseon, 2015; Demster, 2012). As part of 
figuring out the ethical and practical best practices for the integration of drones in health 
systems, it will be important to consider for each use context how such recording is 
perceived and understood: whether it is a source of concern (or not) to diverse stakeholders; 
whether the data recorded is necessary to provide care; whether there are ways to using 
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drones without recording data; and how best to obtain informed consent from those whose 
information is being recorded by these drones. 
Whether drones present privacy concerns will vary from context to context. This contextual 
nature of drone use is exemplified in a recent study conducted in Eastern Africa aimed to 
evaluate the societal impacts of using drones for informal settlement mapping (Gevaert, 
Sliuzas, Persello, & Vosselman, 2018). In this study, researchers found that community 
members were concerned about their privacy in relation to drones taking images of private 
spaces and what is happening in these private spaces, and also how this data will be used 
(Gevaert, Sliuzas, Persello, & Vosselman, 2018). Furthermore, the local laws and social 
norms affected what each community identified as sensitive and private in the images 
captured by drones emphasizing the importance of local contexts on individual’s 
perception of privacy (Gevaert, Sliuzas, Persello, & Vosselman, 2018).  
Likewise, the purpose of drone use and its function impacts an organization’s and its 
members’ perception of privacy (Finn & Wright, 2016). Finn and Wright (2016) used self-
reports to understand the concerns of industry representatives, regulators, and civil society 
organizations regarding privacy, data protection, and other ethical issues that arise from 
the use of general civil drone operations. In this study, 62% of drone manufacturers and 
operators indicated that privacy and data protection issues were not relevant to them since 
the drones did not “focus on people on the ground and that any incidental capture of images 
of members of the public was often limited to ‘the tops of their heads’” (Finn & Wright, 
2016, p. 581). For the manufacturers and operators, privacy and data protection were 
reported as not relevant concerns in their understanding of what the drones “see”. At the 
same time, Finn and Wright (2016) observed that the majority of the drone operators, drone 
designers, and manufacturers stated that they did not know whether the drones they used 
captured images—without this knowledge it is highly unlikely that these stakeholders 
considered privacy issues that may arise from collecting data.  However, most of the drones 
being discussed in this study did capture images that were stored or transferred to other 
organizations. This study may indicate one of two possibilities, both problematic. It may 
indicate limited awareness of potential ethical issues related to the use of drones within the 
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industry. Alternatively, individuals may be reporting that drones pose little to no risks to 
individual privacy to over-emphasize the benefits and minimize potential social concerns 
or risks of these technologies to investors or other decision-makers (e.g. governments). The 
present study provides an opportunity to further explore how prevalent concerns with 
privacy may be for implementers around the world, and whether or not the presence or 
absence of concerns is based in a clear consideration of ethical risks and obligations within 
particular settings.  
Drones operators need to consider the payload, data ownership, and who will be impacted 
on the ground to better understand the potential harms of drones and what they can do to 
mitigate it (Finn & Wright, 2016). If individuals do not understand how drones operate, 
they will not be capable of identifying the ethical concerns that emerge from drone use. 
Gevaert et al (2018) have noted that in order for civilians to protect their privacy, they must 
understand that the drones are collecting their data. If individuals become aware of how 
drones function, then they can be proactive and take the appropriate precautions to protect 
their privacy (Gevaert, Sliuzas, Persello, & Vosselman, 2018).  
2.2.2 Safety Concerns   
The introduction of civil drones presents many safety concerns; data safety, human safety, 
and flight safety (Boucher, 2016; Claesson et al., 2016; Damon, 2017 Moskowitz, Siegel-
Richman, Hertner, & Schroeppel, 2018; Righetti, Vallati, & Anastasi, 2018). As above, 
drones can collect sensitive and personal information that citizens are unwilling to share—
putting their personal safety at risk (Righetti, Vallati, & Anastasi, 2018). Since it is also 
difficult to identify who is using the drone and for what purpose, there are concerns that 
this anonymity could lead to criminal misuse. such as monitoring an individuals’ private 
spaces and stalking victims (Boucher, 2016). Furthermore, since drones are vulnerable to 
hijacks and attacks by malicious users, an individual’s personal data could be stolen and 
their privacy could be violated (Righetti, Vallati, & Anastasi, 2018). Additionally, incorrect 
medical deliveries can be made by drones, thereby putting patient privacy at risk (Claesson 
et al., 2016). These incidences of drone hijacking and losing medical supplies means that 
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there is a potential that patient samples can be hijacked, lost, or destroyed during drone 
deliveries—this further puts patients’ privacy and safety at risk. Therefore, the ability of 
drones to collect sensitive data gives rise to data safety concerns.   
Drones are capable of causing harm to physical harm. For example, A child suffered from 
ocular globe rupture after being hit by the propeller of a remote-controlled drone 
(Moskowitz, Siegel-Richman, Hertner, & Schroeppel, 2018). In addition, there are flight 
safety concerns due to an increasing rate of small drone collisions that result from a lack 
of clear flight regulations and standards for operations (Damon, 2017).  
2.2.3 Mistrust Related to Drone Use    
Utilizing drones in some contexts can further cause tension and mistrust between the state 
and its members. Drones are being tested in areas that have long histories of colonial 
surveillance where unmanned and manned vehicles have been used for reconnaissance, 
war, surveillance, and scientific research (Kindervater, 2016; Peckham & Sinha, 2019). 
These collective colonial and postcolonial memories can inform citizens’ responses to 
contemporary health campaigns (Peckham & Sinha, 2019). This needs to be taken into 
consideration, especially though not exclusively where drones for health programs are 
being deployed in parallel with the deployment of military drones (Peckham & Sinha, 
2019; Laksham, 2019). First- or second-hand knowledges of drones being used for military 
or other non-humanitarian purposes can potentially re-traumatize and even exacerbate the 
mistrust citizens have of drones as healthcare technologies (Sachan, 2016; Peckham & 
Sinha, 2019).  
2.2.4 Consent and Drones for Healthcare Projects    
The literature highlights that obtaining informed consent raises ethical issue for drone use. 
Individuals may be unaware that drones are monitoring them, meaning that they are being 
recorded without their consent (Finn, Wright, & Friedewald, 2013). In some situations, 
patients and bystanders may lack the capacity to consent since they are underage, 
unconscious, or severely injured (Abrahamsen, 2015). This means it may be difficult to 
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obtain informed consent from individuals (Abrahamsen, 2015). The National 
Telecommunications and Information Administration (NTIA), an organization responsible 
for advising the President of the United States on telecommunications and information 
policy, recommends that individuals should be notified about drone data collection 
practices through privacy policies (National Telecommunications and Information 
Administration, n.d.; National Telecommunications and Information Administration, 
2016; Winkler et al., 2018). However, this strategy has been criticized to be inappropriate 
since privacy policies are inaccessible due to the language used in the policies and where 
it is posted (Winkler et al., 2018). Additionally, these privacy policies imply informed 
consent—depending strictly on these privacy policies to obtain informed consent is 
problematic (Winkler et al., 2018). 
Cawthorne and Wynsberghe (2020) developed an ethical framework for the design, 
development, implementation, and evaluation of drones employed for healthcare purposes. 
This ethical framework was developed around one of the four key principles in medical 
bioethics, autonomy, which states that individuals have the right to make their own 
informed choice (Beauchamp & Childress, 2009; Cawthorne & Wynsberghe, 2020). The 
authors stated that individuals need to provide informed consent to allow drone operations 
to occur; this means they need to be informed about the healthcare drone operation, the 
reason for drone use, and the potential risks and benefits (Cawthorne & Wynsberghe, 
2020). Cawthorne & Wynsberghe (2020) suggested that organizations should determine 
the minimum number of individuals that need to disapprove using drones for healthcare 
purposes in order to halt these projects. Alternatively, like traditional healthcare projects, 
drones for health projects can forgo individual consent if government officials and 
technology developers give consent-by-proxy (Cawthorne & Wynsberghe, 2020).   
The need for consent is further complicated when drones are used in research projects as 
they can collect data on humans both advertently and inadvertently (Resnik & Eliott, 2019). 
The need for informed consent depends on whether these drone projects fall into non-
human subjects research, exempt human subjects research, or non-exempt human subjects 
research categories (Resnik & Eliott, 2019). Obtaining informed consent for drone projects 
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could be onerous or even impossible due to the indefinite number of individuals that need 
to be contacted (Abrahamsen, 2015; Resnik & Eliott, 2019). Due to the practical challenges 
of obtaining informed consent, drone projects are likely conducted without consent from 
individuals (Resnik & Eliott, 2019).   
2.2.5 Lack of Regulations and Guidelines  
It is important to note that there are limited guidelines available describing how to employ 
drones responsibly and ethically in the context of healthcare delivery (UAV Code, n.d.). 
Currently, organizations such as WeRobotics are relying on guidelines created for the 
humanitarian context when initiating projects that use drones for healthcare (WeRobotics, 
2018). This guideline describes data protection, community engagement, effective 
partnerships, and conflict sensitivity in the context of humanitarian drone use (UAViators, 
2016). Examples of suggestions in the guidelines include the following: establish a 
Standard Operation Procedures, consider solution for privacy and ethical sensitives when 
collecting data, consider risks caused to the environment, identify appropriate community 
representative for community engagement, define terms and duration of partnership when 
collaborating with companies or organizations, etc (UAViators, 2016). However, this 
guideline does not include healthcare specific considerations to facilitate responsible and 
ethical drone use specifically for these healthcare projects (UAViators, 2016). Instead these 
guidelines make specific recommendation for the use of drones for humanitarian 
deployment (UAViators, 2016). For example, it mentions how to develop effective 
partnerships for disaster response preparedness missions (UAViators, 2016). In addition, 
data protection guidelines are tailored based on whether drones are used in response to 
natural disasters or armed conflicts (UAViators, 2016). This guideline does not make 
recommendations for the use of drones for healthcare programs. This is significant as 
regulations and negotiating rights to fly drones are a common barrier to initiating and 
accelerating healthcare-related drone projects (Amukele, 2019; Peckham & Sinha, 2019). 
Currently, flight requests for flying drones for healthcare applications are being done on 
an exception basis due to the lack of clear drone flight regulations in many countries (Yang 
& Reuter 2020). This raises concerns that companies are using places such as Africa to test 
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drones for healthcare since it does not have rigorous regulatory requirements without really 
considering the impact drones have on broader infrastructures in these countries (Peckham 
& Sinha, 2019).     
2.3 Summary and Identified Gaps  
There is an ever-growing interest in using drones for healthcare delivery, from public 
health to delivering medical supplies. With this growing interest in the use of drones for 
healthcare, there is an urgent need to develop evidence-informed recommendations to 
guide the use of drones for healthcare projects. Drones are unique healthcare technologies, 
and their uses and perceptions are far from uniform. More careful studies of drones’ uses 
and actual and potential implication in particular settings can begin to outline how drones 
are affecting healthcare delivery, transforming practices of global health, redefining the 
roles of healthcare workers, and changing current forms of health management governance 
(Peckham & Sinha, 2019). Such research can, in the words of Peckham and Sinha (2019), 
contribute to a  “global drone theory”, and ensure that as these technologies undergo 
expanded usage within healthcare, so does the ability of users and scholars to identify and 
query the practical, ethical, and contextually particular impacts of this expansion.  
Current scholarship outlining ethical concerns related to the introduction of drones in 
public life and governance is limited and has not focused in particular for the most part on 
drones used for healthcare purposes (Peckham & Sinha, 2019). So, for example, many have 
raised potential privacy and safety concerns, but these mainly relate to the use of drones in 
settings other than healthcare. More research needs to be done to explore how drones can 
impact patient privacy in the healthcare sector and how this differs between varying 
cultures. It is important to also understand how privacy is compromised based on different 
uses of drones (medical transport system, laboratory diagnostic testing, public health, and 
telemedicine) within healthcare. The privacy concerns that arise due to carrying a vaccine 
to a community are different from the privacy concerns that arise from carrying patients’ 
biological samples. Understanding how these context-specific factors affect real and 
perceived privacy concerns allows stakeholders to implement contextually and culturally 
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relevant strategies to protect patient privacy.  The present study provides an opportunity to 
document and understand organizations’ and implementers’ understanding of potential 
privacy, data, and safety concerns related to the use drones for particular healthcare 
purposes, involving working with and flying over particular populations and locations, 
around the world.  
The literature highlights that obtaining informed consent in the context of drone use for 
healthcare is complicated. It is unclear at present the extent to which consent is obtained in 
drones for health programs in distinct settings. A study suggested that drone operations 
could be conducted through consent-by-proxy from government officials and technology 
developers once the technology is tested and fit to be used. This means consent should be 
sought when drones are being tested. However, it is unclear what the expectation is 
regarding obtaining informed consent outside of research settings both from those running 
programs and from populations being impacted by them. It may also be challenging to 
contact individuals for informed consent due to the nature of drones for health projects 
impacting an indefinite number of people. While this study is focuses exclusively on 
implementers of drones for healthcare, and thus is not gathering the crucial perspective of 
host populations, it can nevertheless advance understanding of differences and potential 
contextual particularities, as well as challenges or strategies used to navigate the 
complexities of consent with respect to drones for health.  
It is clear from the literature that the lack of regulations regarding the operations of drones 
is a barrier to implementing drones for healthcare delivery. In addition, there are no best 
practice guidelines available to support the ethical use of drones in the context of 
healthcare.  
This study has been developed in response to these gaps in the literature and guidance 
related to the use of drones for health. It involved original qualitative research with 
managers and front line staff working with drones for health projects. Some of the 
challenges that emerged in interviews with these individuals echo concerns, challenges, 
and ethical complexities of drone use signaled in the literature. Additional context-specific 
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concerns, complexities, and challenges also surfaced as a result of the in-depth one-on-one 
interviews with implementers at the core of this study. Connections between this study’s 
findings and the literature reviewed above will be made in chapter five, including 
recommendations. These include recommendations are made at the end of this study to 
help draft guidelines and a global guidance document to help mitigate key challenges 
emphasized by front line staff. 
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Chapter 3  
3 Methods 
This qualitative study involved original data collection through semi-structured in-depth 
interviews with individuals working on the front lines of drones for health programs 
(program managers, drone operators, and other field staff) in varying countries and Flying 
labs1 (N = 16). Qualitative research allows for an in-dept understanding of individual’s 
lived experiences that could inductively generate theories to understand the phenomenon 
at hand (Waller, Farquharson & Dempsey, 2016) As a multi-sited comparative perception 
study, it replicates an approach commonly used in program design and quality 
improvement in the healthcare and humanitarian aid sector (Benton, Sangaramoorthy, & 
Kalofonos, 2017; Nouvet, Abu-Sada, DeLaat, Wang, & Schwartz, 2016; Nouvet & 
Schwartz, 2017; Nouvet, Chan, & Schwartz, 2018; Nouvet et al., 2019; Posega, 2014; 
Reeves et al., 2014). Perception studies are often used in healthcare to understand how 
front line health staff, patients, policy-makers and community view healthcare delivery; 
these studies provide insight about the satisfaction, perceived advantages and 
disadvantages, and perceived importance of health programs (Alrashdi & Al Qasmi, 2012; 
Papadaki & Dvorsky. 2018; Tabler, Scammon, Kim, Farrell, & Tomoaia- Cotisel, 2014). 
Studying stakeholder perceptions of health programs is useful in: understanding whether 
specific health programs are working as intended; identifying unanticipated impacts or 
meanings of programs; and what modifications are needed to improve them in the eyes of 
those using and implementing the health program. Those directly involved in the 
implementation of health programs are more connected to the projects and can provide a 
description of their lived experiences of introducing such programs opposed to experts or 
individuals unfamiliar with the day to day operations of these projects. This perception 
 
1 Flying Lab are local knowledge hubs that are developed and supported by WeRobotics to accelerate the 
positive impact of projects in a sustainable manner; it increases economical and individual capacity at the local 
level. Flying Labs train local partners on how to use robotic technology responsibly and effectively to implement 
social good solutions (WeRobotics, n.d.b).    
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study gives insight into how drones are perceived in various country settings; this will have 
an important role in informing evidence-based guidance for context-specific 
implementation of drones for healthcare. This study involved co-investigators from 
Western University and WeRobotics, the leader in the set-up and training of Flying Labs 
and a leader in the development of humanitarian and aid UAV best practice (WeRobotics, 
n.d.a). A copy of the MoU can be found in Appendix A. Below is a more detailed summary 
of the methodological approach for this qualitative study.  
3.1 Participant Recruitment and Sample Details 
This study used purposive and snowball sampling to recruit participants. The minimum 
inclusion criterion for participation was involvement with introducing drones to 
communities specifically for healthcare purposes. In addition, potential participants had to 
be willing to discuss their experiences doing so within the particularity of the projects with 
which they were involved: decision-making processes about where to work, how they 
engaged communities, what challenges they faced, and how they mitigated said challenges.  
Initially, recruitment focused on individuals involved with drones for health programs in 
association with Flying Labs. Patrick Meier introduced Vyshnave Jeyabalan to various 
Flying Lab coordinators that were part of active or recently active health-related programs 
through e-mail, with an invitation to identify program managers, technical support, 
community engagement agents, or any other pertinent individuals with drones of health 
experience in the past year, who could also be invited to participate in the study. With 
limited responses to participation invitations, three months into recruitment, recruitment 
strategy was expanded to include individuals working with drones for health programs 
outside the Flying Lab network. Study investigators approached their established network 
of contacts to identify potential participants. This second phase of recruitment relied on the 
dissemination of a recruitment poster through a monthly newsletter that was circulated by 
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the Unmanned Aerial Vehicles for Payload Delivery Working Group2. Recruitment poster 
can be found in Appendix B. Vyshnave Jeyabalan then contacted potential participants via 
e-mail and sent them an invitation to participate in the research study.  
This specific participant inclusion identified key informants who can help maximize the 
potential impact of the research. Since this study utilized snowball sampling, investigators 
requested participants to introduce them to colleagues working in similar capacities either 
in that country or in another country context that might be receptive to an invitation to 
participate. This allowed the investigators to use the knowledge gained from the interview 
to request the participant to introduce them to specific individuals who were involved in 
implementing drones in communities for healthcare use. This gave investigators the 
opportunity to recruit participants that can best speak about the research topic.   
Vyshnave Jeyabalan sent an email with the letter of information (LOI) and consent form 
when inviting individuals to participate in research. The letter of information and consent 
form can be found in Appendix C. Participants were given an opportunity to read the LOI 
and sign the consent form prior to the interview. Participants also had an opportunity at the 
beginning of the interview to read the LOI, ask questions, and sign the consent form. Signed 
consent forms were stored in Western’s OneDrive that can only be accessed by Vyshnave 
Jeyabalan, Elysée Nouvet, and Lorie Donelle.  
There were challenges in the recruitment process. Given the focus of recruitment was on 
individuals working in the field with drones, many were hard to reach through phone or 
email. It was also tricky to schedule interviews given many of these individuals worked in 
areas with low internet connectivity. Feasibility was increased by the small sample size 
(nevertheless sufficient for detailed and context-specific data sought), and by Elysée 
Nouvet's established network of contacts in the drones for health program community. An 
 
2 “The Unmanned Aerial Vehicles for Payload Delivery Working Group (UPDWG) is a global community of 
stakeholders interested in the development, advancement and application of drones for use in public health and 
supply chain systems” (UPDWG, n.d.).    
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additional limitation of this study was that given this project utilized a snowball sampling 
strategy, no Europe projects were referred to us by the participants from this study, so no 
projects from this geographical area were included in the study.  
3.2 Interview Procedure 
The semi-structured interview guide used to learn about front line staff’s experiences were 
informed by key ethical complexities identified in the literature and aimed to address some 
of the gaps in the literature. The interview guide was developed by Vyshnave Jeyabalan in 
dialogue with the co-investigators (Nouvet, Donelle, Meier). The interview was organized 
into four parts: 1) General Context; 2) Working with the Community; 3) Community 
Engagement; and 4) Additional Ethical and Practical Challenges. The first part of the 
interview asked questions such as “Tell me a bit about the first project on which you 
worked in [COUNTRY] that involved using drones for some healthcare related purpose” 
and “Did you or those with whom you were working have any concerns about introducing 
drones in this community (security, safety, viability, economics, sustainability)?”. These 
questions provided information about the details of the project such as timeline of drones 
for health projects and who was involved in the decision-making process. Additionally, it 
helped identify some of the concerns related to these projects. The next part of the interview 
asked questions such as “Can you describe to me what was involved in introducing this 
drone-mediated healthcare program to the community?” and “Who did you contact and 
meet with?”. Through community-related questions, it was possible to delve into 
participants’ perception of host community responses to the programs, as well as document 
concerns, questions, or preferred processes for introduction of these drones for health 
programs brought to their attention by the community members with whom they worked 
with. Questions about the participants’ experience of introducing drones provided the 
opportunity to obtain detailed insight into the processes and actors involved in obtaining 
permissions for such projects in specific settings. The third part of the interview focused 
on participants’ perception of community engagement and how stakeholders were engaged. 
This section included questions such as “What does community engagement mean to you?” 
and “Are community members involved in evaluating the program?” The final part of the 
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interview further explored participants’ experience by asking participants to elaborate on 
the ethical and practical challenges they faced during the implementation of drones for 
health projects. These questions asked participants to reflect on the privacy of health 
information, general privacy, and safety protocols related to or used in their projects. The 
full semi-structured interview guide can be found in Appendix D. 
Interviews lasted between 20 and 140 minutes, with an average interview duration of 78 
minutes. Interviews were digitally recorded with the consent of the participants. Interviews 
were transcribed verbatim and, where necessary, translated from Spanish and Nepali into 
English. Vyshnave Jeyabalan and Elysée Nouvet conducted interviews via Skype, Viber, 
or phone. Elysée Nouvet is fluent in English, French, and Spanish, and has a working 
knowledge of Nepali. Participants were given the option of being interviewed in English, 
French, Spanish, or Nepali. Western graduate student Ishor Sharma assisted with 
interviews that required a Nepali translator.  
3.3 Analysis  
The interview data was analyzed using directed thematic and interpretive description 
methods (Maguire & Delahunt, 2017; Nouvet et al., 2019; Thorne, 2016). Interpretive 
description is a qualitative methodology that was initially borne due to the need to conduct 
applied qualitative research to gain an understanding of complex experiential clinical 
phenomena in the nursing field (Thorne, 2016). Interpretive description allows researchers 
to do applied research based on actual real-world question (Thorne, 2016). The advantage 
of using interpretive description is that the study design can be modified according to the 
context, situation, and intent of the study, and the analysis can be put back into the context 
of the practice field (i.e. considering the social, political, and ideological complexities) 
(Thorne, 2016). The goal of directed thematic analysis is to identify key themes in the data 
that will help interpret the research data; the themes allows researchers to identify implicit 
and explicit meanings based on the interview data (Maguire & Delahunt, 2017; Nouvet et 
al., 2019).  
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Interviews were coded using NVivo 12.0 (QSR) software based on a coding framework. 
NVivo software supports accuracy, transparency, and the opportunity for auditing 
qualitative data analysis (Welsh, 2002). In this case, NVivo was used for thematic analysis, 
“a form of pattern recognition used in content analysis whereby themes (or codes) that 
emerge from the data become the categories for analysis”, further tailored to the study’s 
research objectives through a combination of directed and interpretive approaches 
(Maguire & Delahunt, 2017; Nouvet et al., 2019; Roberts, Dowell & Nile, 2019; Thorne, 
2016; 42–43]. Vyshnave Jeyabalan established an initial set of codes based on the research 
questions (directed thematic analysis approach). The usability of this codebook was tested 
through initial coding of four interview transcriptions. Towards ensuring this testing was 
robust, and to ensure that the codes indicated were appropriately named and well suited to 
the content of the interviews, Vyshnave Jeyabalan and Elysée Nouvet engaged in parallel 
and independent coding of the same four interview transcriptions. Vyshnave Jeyabalan and 
Elysée Nouvet developed the codebook with an openness to renaming codes or adding 
additional ones as needed. In doing so, both adopted, in addition to the directed thematic 
approach to data analysis, an interpretive description approach. Interpretive description 
seeks to advance understanding of a phenomenon by illuminating its “characteristics, 
patterns and structure” while being attentive to nuances and differences (Thorne, Kirkham 
& O’Flynn-Magee, 2004). With this in mind, Vyshnave Jeyabalan and Elysée Nouvet 
remained alert in their coding of the same first four interviews independently to implied 
potential meanings of participant statements, in addition to explicit descriptions of, for 
example, challenges or evaluations of “good” practice. Codes were added as necessary to 
the initial set of codes, to capture additional themes. Vyshnave Jeyabalan and Elysée 
Nouvet then compared the key themes they had identified, and, where differences existed 
in the naming of themes or their thoughts on their relationship to other themes, these 
differences were discussed, and consensus sought on key emerging themes. When 
consensus could not be reached, Vyshnave Jeyabalan and Elysée Nouvet consulted with 
co-investigator Lorie Donelle to reach consensus. Vyshnave Jeyabalan coded the 
remaining interviews based on the resulting coding framework. Minor changes (i.e. change 
in theme names or addition of emerging themes) were made to the codebook in an iterative 
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process. Elysée Nouvet and Lorie Donelle were consulted throughout the analysis process 
to increase coding accuracy. Elysée Nouvet performed an audit of the final codebook, to 
ensure coding completeness and accuracy.  
3.4 Ethics  
Ethics approval for the study was obtained from the Western University Non-Medical 
Research Ethics Board (Appendix E and Appendix F). Transcripts of de-identified 
interviews are stored digitally and be both password protected and encrypted. All audio 
recordings of interviews were deleted following verification of transcription accuracy. All 
data are stored on the secured Western University server, OneDrive, which only 
investigators will have access to. Electronic devices allowing access to this server are also 
protected by password allowing traceability of access to data by the investigators. No 
nominal information or individual data on participants was shared with third parties.  
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Chapter 4  
4 Context-specific challenges, opportunities, and ethics of 
drones for healthcare delivery in the eyes of program 
managers and field staff: a multi-site qualitative study  
 
This chapter consists of an article that has been accepted and published in the peer-
reviewed journal, Drones in the Special Issue 
(https://www.mdpi.com/journal/drones/special_issues/medicine). The certificate of 
acceptance for this manuscript could be found in Appendix G. We did receive permission 
from the journal to include this article as a chapter in the thesis. 
Jeyabalan, V., Nouvet E., Meier, P., and Donelle, L. (2020). Context-specific challenges, 
opportunities, and ethics of drones for healthcare delivery in the eyes of program managers 
and field staff: a multi-site qualitative study. Drones, 4, 1-20.  
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4.1 Abstract  
Unmanned aerial vehicles (UAVs), also known as drones, have significant potential in the 
healthcare field. Ethical and practical concerns, challenges, and complexities of using 
drones for specific and diverse healthcare purposes have been minimally explored to date. 
This paper aims to document and advance awareness of diverse context-specific concerns, 
challenges, and complexities encountered by individuals working on the front lines of 
drones for health. It draws on original qualitative research and data from semi-structured 
interviews (N = 16) with drones for health program managers and field staff in nine 
countries. Directed thematic analysis was used to analyze interviews and identify key 
ethical and practical concerns, challenges, and complexities experienced by participants in 
their work with drones for health projects.  While some concerns, challenges, and complexities 
described by study participants were more technical in nature, for example, those related to 
drone technology and approval processes, the majority were not. The bulk of context-specific 
concerns and challenges identified by participants, we propose, could be mitigated through 
community engagement initiatives. 
Keywords: drones; unmanned aerial vehicle; health; healthcare; delivery of health; care; 
drones for health; ethics; practical challenges; community engagement; stakeholder 
participation 
4.2 Introduction   
The integration of unmanned aerial vehicles (UAVs), also known as drones, into health 
systems represents an area of massive potential [1–18]. Half the world population lives in 
rural areas, defined in diverse ways across countries, but characterized by non-urban 
density population [19,20]. Many of these areas are underserved when it comes to 
healthcare. The health worker shortage is twice as high in rural areas compared to urban 
areas based on the International Labor Office, Social Protection Department statistics of 
174 countries [21]. Additionally, 56% of the rural population do not have access to rights-
based health coverage; as compared to the average of 38% without legal health coverage 
worldwide [22].  
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Until now, the delivery of medical supplies and blood to rural, underserved communities has 
relied on traditional transportation methods, such as by foot, aircraft, or automobiles 
[11,14]. These methods are limited, especially in settings located far from local hospitals, 
with poor or non-existent ground transport infrastructures, or presenting other challenges 
to rapid transport, such as mountains [6,11,14]. Drones have the potential to circumvent 
such limitations. Drones have been used to deliver medications to mobile clinics in the rural 
and underserved and mountainous Appalachian region of southwest Virginia [6]. Drones 
are delivering blood from Rwanda’s capital city to local hospitals, cutting down delivery 
time from four hours to merely 15 min [14]. In Canada, Drone Delivery Canada has 
partnered with Moose Cree First Nation communities living in remote areas of Northern 
Ontario to deliver goods, such as medical supplies [4]. Studies have shown that automatic 
external defibrillator (AED) delivered by drones can reach individuals in cardiac arrest 
approximately 19 min faster than the emergency medical services (EMS), improving 
patient survival and recovery rates [2,3,10,12,18]. Drones are being used to expedite the 
process of getting biological samples for diagnostic purposes to laboratories, reducing 
risks of biological samples becoming non-viable in the process of transportation 
[8,11,14,23,24], and there are many potential uses of for drones for telemedicine are in 
expansion [1,25]. 
The potential for drones to support health systems extends beyond rural areas. Drones hold 
significant promise to support infectious disease control and public health emergency 
response. Drone use has further expanded in the course of the COVID-19 pandemic, which 
is ongoing as we write. Supporting infection control and response initiatives in several 
jurisdictions, drones have been used during the pandemic to: spray disinfecting chemical in 
public spaces; issue public health announcements reminding individuals to maintain the 
recommended six feet distance from their fellow citizens; to transport medical supplies, 
such as PPE, vaccines, samples and blood to hospitals in need of these supplies; and to 
deliver medications, masks, and sanitizers to elders living in remote communities [26–
29]. 
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The use of drones is relatively new in the healthcare context, with the result that there has 
been little exploration and documentation of challenges or concerns for drone usage in 
healthcare settings [30]. The study on which the present article is based had as its 
objective: to understand the concerns, challenges and complexities of implementing 
drones for health projects as perceived by individuals involved in introducing and 
implementing these projects. In doing so, this study responds to calls for the development 
of a “drone theory in global health”, which calls a need for critical engagement with the 
social, political, and ethical meanings and implications of the biomedical drone in global 
health supposed problem-solving [30]. Ultimately, our hope is that findings from this study 
can serve to advance awareness of diverse context-specific concerns, challenges, and 
complexities that can be anticipated, and potentially, mitigated by parties involved with 
implementing and using drones for health delivery. 
4.3 Methods   
This article draws on results from a qualitative perceptions study involving semi-
structured in-depth interviews with individuals (N = 16) from nine countries working on 
the front lines of drones for health programs. Qualitative research is well suited to gaining 
detailed insight on experiences, relationships within, and the functioning of healthcare 
initiatives [31,32]. This multi-sited comparative perception of healthcare study replicates 
an approach commonly used in program design and quality improvement in the healthcare 
and humanitarian aid sector [13,33–35]. Perception studies are often used in healthcare to 
understand how This chapter composes of an article that has been accepted and published 
in the peer-reviewed journal, Drones. The certificate of acceptance for this manuscript 
could be found in Appendix G. We did receive permission from the journal to include 
this article as a chapter in the thesis health staff, patients, policy-makers and communities 
view healthcare initiatives, providing insight about the satisfaction, perceived advantages 
and disadvantages, and perceived importance of health programs [36–38]. 
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4.3.1 Recruitment and Sampling 
Recruitment involved purposive and snowball methods. Eligibility criteria for 
participation required that potential participants: (1) work in a role that involved 
responsibility for introducing and implementing drones for health programs; (2) be 
willing and able to participate in a one-hour individual virtual interview. Uncertain about 
the demographic of individuals in these roles around the world, we were committed to 
seeking a balance of men and women in our sample, but also aware, through our contacts 
to the sector, that more men than women may be involved with the field implementation 
side of drones for health projects at this juncture. Initially, recruitment focused on 
individuals involved with drones for health programs in association with Flying Labs, a 
global network that supports context-appropriate application and expansion of drones 
around the world [39]. Country coordinators for Flying Labs with active or recently active 
health-related programs were contacted through their publicly available contact 
information, with an invitation to identify program managers, technical support, 
community engagement agents, or any other pertinent individuals with drones of health 
experience in the past year, whom we could invite to participate in the study. With limited 
responses to our requests, three months into recruitment, we expanded the strategy to 
include individuals working with drones for health programs outside the Flying Lab 
network. This second phase of recruitment relied on the dissemination of a recruitment 
poster through a monthly newsletter that was circulated by the Unmanned Aerial Vehicles 
(UAV) network. Snowball sampling was also used, as participants were asked if they had 
colleagues working in similar capacities either in that country or in another country 
context that might be receptive to an invitation to participate. 
4.3.2 Data Collection 
Interviews were conducted between June 2019 and February 2020 by conventional phone 
or Skype by two members of the study team (VJ and EN) in English, Spanish or Nepali. A 
translator was present to assist in interviews conducted in Nepali, as neither interviewer 
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is fluent in Nepali. Interviews lasted between 20 and 140 min, and an average of 78 min. 
Interviews were digitally recorded with participants’ consent. 
4.3.3 Data Analysis 
Interviews were transcribed verbatim, and where necessary, translated into English before 
being uploaded to NVivo 12 (QSR). NVivo software supports accuracy, transparency, and 
the opportunity for auditing qualitative data analysis [40]. In this case, we used NVivo for 
thematic analysis, “a form of pattern recognition used in content analysis whereby themes 
(or codes) that emerge from the data become the categories for analysis”, further tailored 
to our research objectives through a combination of directed and interpretive approaches 
[13,41–43]. The first author established an initial set of codes based on the research 
questions (directed thematic analysis approach). Towards ensuring a codebook suited to 
the content of the interviews, as well as the goals of the study, two members of the study 
team then independently coded four interviews to identify additional themes, introducing 
the interpretive description approach [42]. Interpretive description seeks to advance 
understanding of a phenomenon by illuminating its “characteristics, patterns and 
structure” while being attentive to nuances and differences [42]. Resulting codes 
identified by VJ and EN were compared [44]. Discrepancies were discussed and resolved 
in dialogue with a third member of the study team (LD). The coding framework derived 
from this process formed the basis for subsequent analysis in NVivo led by VJ. Minor 
changes (i.e., changes in theme names or addition of emerging themes) were made to the 
codebook in an iterative process. EN performed an audit of the final codebook, to ensure 
coding completeness and accuracy. 
4.3.4 Ethics  
This study received approval from the Western University’s Research Ethics Board 
(protocol approval #113823). 
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4.4 Results   
4.4.1 Overview of Participants and Project Details  
Sixteen participants (N = 16), including 11 men and 5 women, volunteered and were 
included in the study. Most participants were in leadership positions (n = 11), others were 
advisors (n = 2), technical staff (n = 1), or researchers (n = 2). Participants were involved 
in drone projects in 9 different countries and projects that can be categorized into five 
different sub-regions defined by the United Nations (UN). The number of countries that 
fall under each sub-region and the number of individuals interviewed are summarized in 
Table 1. 
Table 1: Description of United Nation sub-regions and a number of countries where 
participants implemented drones for health projects. 
United Nation Region Number of 
Countries 
Number of 
Individuals 
Latin America and the 
Caribbean 
2 2 
Melanesia 1 2 
Northern America 1 2 
Southern Asia 1 4 
Sub-Saharan Africa 4 6 
 
Drones for health projects is a broad umbrella term we are using here to refer to the use of 
drones for health-related purposes. In those projects discussed by participants, these 
purposes included: delivery of biological samples (n = 8), live mosquito vectors (n = 2), 
and medical supplies (n = 10); geographic mapping (n = 2); and environmental and 
disaster monitoring (n = 3). Biological sample delivery involved the transport of blood 
and sputum samples from community health centers to laboratories or district hospitals 
for laboratory diagnostic testing in order to identify, diagnose, and treat patients for 
diseases, such as tuberculosis and HIV. Drones were used to deliver medications and 
vaccines to local pharmacies and automatic external defibrillators to help patients in 
cardiac arrest. Drones delivered live vector, such as genetically modified mosquitos to 
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reduce dengue burden. Furthermore, drones were used to map certain locations in order 
to better understand the hazards caused by flooding. Table 2 includes a summary of the 
different uses and need cases for drones discussed by study participants. 
Table 2: Participant-identified drone needs and actual use. 
UN Region Drone Need Drone Use  
Latin America and the 
Caribbean 
(n = 2) 
• Improve access to healthcare 
services and medical supplies 
in remote communities 
• Reduce the disease burden 
• Biological Sample Delivery  
• Medical Supply Delivery 
Melanesia* 
(n = 2)  
• Understand the health risks, 
hazards, and safety concerns 
related to flooding  
• Reduce the disease burden 
• Mapping  
• Live vector delivery  
Northern America 
(n = 2) 
• Improve access to healthcare 
services in remote 
communities 
• Medical Supply Delivery  
Southern Asia 
(n = 4)  
• Improve access to healthcare 
services in remote 
communities 
• Reduce the disease burden 
• Biological sample and medical 
supply delivery  
Sub-Saharan Africa 
(n = 6)  
• Improve access to healthcare 
services and medical supplies 
in remote communities 
• Biological sample and medical 
supply delivery 
* Delivery occurred within the same island  
At the time of interview, most participants were involved in projects conducting pilot 
flights to test the feasibility of implementing drones for health projects (n = 15). One 
participant was involved in a project that already integrated drones into the country’s 
regular supply chain for healthcare delivery. When the interviews took place, the projects 
have been executed between seven months and three years. 
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4.4.2 Benefits of the Drone Project 
Participants’ accounts of the drones for health projects revealed various benefits to these 
projects in participants’ eyes; some of these were explicit, and others emerged implicitly. 
These included direct benefits, such as better access to healthcare, enhanced health 
services, reduced costs to patients, reduced waiting times—all improving healthcare 
outcomes. Additionally, drones for health projects have indirect benefits that were not the 
primary objective of the project. This included building local capacity, potentially solving 
other issues, providing infrastructure to support and continue similar drone projects, 
mitigating existing risks, and motivating individuals. 
4.4.2.1 Direct Benefits 
Direct benefits of drones for health projects described by participants included maps for 
communities (n = 2), reduced delivery times (n = 10), and reduced healthcare-associated 
costs to patients (n = 2). Most of the projects aim to improve access to healthcare (n = 
14). Drones for health projects have provided maps to communities in order to understand 
environmental hazards and fill in gaps within existing geographical data, allowing 
governments and organizations to more efficiently help communities prepare for and 
prevent such hazards (n = 2). Participants reported that drone delivery is more efficient 
compared to traditional healthcare delivery methods (i.e., automobile, by foot, and boat) 
(n = 9), especially in communities with either limited or no road infrastructure (n = 10). 
Transportation time was also enhanced with drone use in communities that experience 
severe weather, such as thunderstorms and strong winds (n = 7). In some instances, the 
difference between drone delivery and traditional delivery could be up to six hours (n = 
1). Medication, and medical supplies were delivered in a timely manner (n = 5), with one 
participant noting this being important to protecting the integrity of the products. 
Consequently, individuals were able to be efficiently diagnosed and treated, which 
improved their health outcomes. For example, automatic external defibrillator delivered 
by drones could reach cardiac arrest patients 9 to 10 min faster than emergency medical 
services—this is crucial as cardiac arrest survival rate decreases 7 to 10 percent per 
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delayed minute (n = 1). One participant said that in remote communities, individuals 
seeking diagnostic testing may need to travel upwards of 10 h to do so. Such travel time 
and accompanying costs (e.g., lost work time, transportation costs) could be a barrier for 
accessing healthcare for some. The use of drones to collect and deliver biological samples 
for diagnosis was cited as a benefit for patients in particular (n = 3). In fact, one study 
participant mentioned that a full house of people arrived at the local health center once 
they found out they could have their samples tested locally instead of having to go to the 
main village. Drones are able to “solve the gap, solve the problem of remoteness” 
(Participant 06). Additionally, drones enable health teams to test samples in hospitals with 
more sophisticated technology (n = 4) than what is available at local community health 
centers, supporting quicker and also potentially more accurate turnaround of results (n = 8). 
These drones for health projects were described by participants as aiming to reduce the 
disease burden of prevalent diseases, such as tuberculosis, dengue, and HIV (n = 7). A 
participant described that their team completed 200 hundred drone flights and delivered 
2000 patient samples, helping them identify and treat dozens of tuberculosis cases that 
might otherwise have gone undetected and untreated (n = 2). Many participants felt 
strongly that drones for health projects represent efficient strategies to strengthen disease 
identification, treatment, and diagnosis (n = 8). Ultimately, the message from participants 
was that drones for health projects have the potential to improve healthcare outcomes by 
improving accessibility, reducing delivery times, and reducing costs to patients. 
4.4.2.2 Indirect Benefits 
Participant accounts included a description of several indirect benefits deriving from these 
drones for health projects. These included mitigating existing risks associated to travelling 
on unsafe roads; building local capacity; providing demographic information to improve 
other non-health-related services; introducing infrastructure, such as drone guidelines to 
support and continue similar health-related drone projects; and motivating individuals. 
These indirect benefits can potentially have long-term effects, such as providing 
individuals with skills, improve well-being, and creating legal documents, such as 
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guidelines for future drone use—this results in sustainable positive changes in these 
communities. 
Participants mentioned that drones for health projects minimized the need to travel 
dangerous roads (n = 4). Many of the drones for health projects described by participants 
involved local community members, university students, or health workers (n = 8). This 
involvement allowed these individuals to learn new skills (n = 8) and in some cases, earn 
additional income if their involvement was remunerated (n = 2). Some of the work 
completed through drones for health projects, such as creating geographical maps, was 
described as bringing benefits to communities beyond the projects, allowing governments 
to better serve their communities (n = 2). For example, in one country, the government 
used the information provided by drone teams to implement sewing programs for women. 
Drones for health projects have resulted in countries modifying or developing drone 
guidelines that are now being adopted for purposes beyond health (n = 4). Participants 
are hoping to use drone technology to motivate youth to go to university and explore how 
they can solve their country’s problems using innovative solutions (n = 2). Drones for 
health projects teams have developed committees positioned to involve various 
stakeholders in future drones for health projects (n = 3).  In one instance, such a committee 
emerged to help convince the government to approve the first drones for health projects. 
In another country, a team funded a national drone steering committee to mobilize 
stakeholders (governments and organizations) that have interest in drone projects with the 
goal of drawing on this structure and its members for future drone projects, health-related 
or otherwise. Finally, participants said that the drones for health projects piqued interest in 
neighboring communities and even other countries (n = 4). 
4.4.3 Concerns Surrounding the Implementation of Drones for 
Health Projects  
The use of drones for healthcare gives rise to various concerns. These concerns have either 
been raised by participants themselves, or brought to their attention by community members, 
elected officials, healthcare staff, security personnel, or civil aviation organizations during 
 
 
 
41 
community engagement initiatives. The primary concerns that were raised included issues 
of privacy, security, safety, and the long-term sustainability of the drones for health 
projects. Project-specific concerns were also identified by several participants; these 
concerns are specific to the implementation of drones for health in particular 
communities. The parameters of these concerns are described in greater detail below, along 
with participants’ attempts to mitigate these for the projects they led or supported. See 
Table S1 in the supplementary file for exemplary quotes corresponding to key concerns, 
practical challenges, and ethical complexities identified by participants can be found in a 
table. 
4.4.3.1 Privacy and Security Concerns  
Participants reported privacy concerns expressed by community members arising from 
real or rumored capacities of drones capturing pictures or videos of private and public 
spaces and/or individuals in these communities (n = 11). Related to such worries in some 
cases were concerns that drones would be used for spying and policing people, their land, 
or resources, such as for gold mining (n = 5), as well as concerns related to the ownership 
and protection of drone-generated visual data (n = 5). Several participants had heard 
concerns that drones could lead to pictures and videos being taken for sale to people 
outside the country, for example, for tourism profit purposes, or exploited for mining 
purposes (n = 5).  
A few participants said that during community sensitization where the project was being 
introduced, the army and police raised security concerns related to drone use and were 
opposed to having cameras attached to the drones (n = 3). These concerns resulted in the 
army and police restricting where teams could fly the drones (i.e., not over army camps) 
(n = 3). However, most drone projects participants were involved in did not have cameras 
attached to their drones (n = 9).  
In those projects where the above concerns were raised (n = 11), participants eased 
individuals’ privacy and security concerns by explaining and assuring them during 
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community sensitization that the drones did not have cameras attached to them (n = 8). If 
they did use a camera, the participant explained how the data would be utilized (n = 3). 
To mitigate these concerns, participants and their teams also followed instructions 
provided by police and security, or guidelines and regulations the country has 
implemented for drone use (n = 4). 
4.4.3.2 Safety Concerns  
Concern for the physical safety of individuals, properties, and animals was brought up in 
several drones for health project settings (n = 12). Worry that the drone would crash into 
people and things during takeoff, landing, flight, or during unloading of deliveries was a 
common concern heard by participants (n = 10). Four participants described that there were 
concerns about individuals damaging the drone by throwing rocks at it (n = 4). There was 
also worry that in the future, drones could be used locally for purposes beyond health, such 
as biological warfare or war, putting community safety at risk (n = 3). 
Several participants stated that they managed safety concerns by taking safety precautions, 
such as asking individuals to keep their distance from the drone and having discussions 
about safety and answering questions about safety during community sensitizations (n = 
10). 
4.4.3.3 The Importance of Context  
Three participants underlined that some concerns were context-specific. For example, one 
participant described a community’s initial distrust of the drone project in which they were 
involved and connected this distrust to past and ongoing examples of outsiders coming 
into the region only when wanting to exploit natural resources, and in the eyes of the 
community, act with disregard for the local populations. Another participant mentioned 
that one community was particularly concerned about where the drone was flying, as they 
did not want it to fly over a nearby refugee camp (n = 1). The leadership team in this 
community had pointed out to the drone team that the people at the refugee camp may be 
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traumatized already, and that flying drones over the camp may further negatively affect the 
individuals. 
In another setting, a participant was struck by associations in some community members’ 
minds between drones and beliefs about magic and Satanism. In this case, the participant 
was unclear what histories or contextual factors might have been at the root of these 
associations. Regardless, this was unique to a single setting in their experience and serves 
to reinforce that concerns and community responses to drones for health programs are far 
from universal: these vary within, but also across different communities. Participants 
reported being sensitive to the ways concerns connect to local communities’ economic 
activities, cultural beliefs, experiences with outsiders, histories of exploitation in some 
cases, and adapting project plans or communications where necessary (e.g., not flying 
near the refugee camp; clarifying the project was not connected to mining interests) in 
response to such context-specific concerns. 
4.4.4 Practical Challenges of Implementing Drones for Health 
Projects  
Participants identified the practical challenges they faced during the implementation and 
introduction of drones for health projects. These challenges were reported as limitations to 
the successful execution of these projects and were perceived by participants as impacting 
the ability to integrate these drones for healthcare delivery in the future. Key challenges 
identified include skepticism of drone technology, lack of resources, inability to access 
appropriate stakeholders, technical challenges, and lack of guidelines and regulations. 
4.4.4.1 Skepticism of Drone Technology  
Half the participants identified that community members, and elected officials were 
initially uninterested or skeptical about their drones for health projects and were hesitant 
to support it. 
Different participants provided different interpretations of why community members and 
elected officials were hesitant. These included not understanding the drone technology; 
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thinking that drones were replacing other health-related services in their community; and 
skepticism of whether the project was going to be unsuccessful (n = 6). The elected 
officials were not keen on changing policies and guidelines to accelerate the 
implementation of the projects (n = 1). Additionally, a few participants speculated that 
some community members did not participate in community engagement activities that 
introduced the drone projects to communities because the community members were not 
generally interested in this project or felt that the drone use case did not pertain to their 
medical needs (n = 2).  
However, after successfully demonstrating and generating evidence that their pilot project 
worked, some participants reported observing a shift in attitudes (n = 3). Observing the 
drones at work, and perhaps also observing and growing to trust the team, typically in these 
participants’ experience skeptical stakeholders grew to support the projects they initially 
doubted (n = 3). Preparedness for such skepticism is important, given skepticism of 
drones for health projects can act as a barrier to implementation, for example, by 
translating into difficulties obtaining official approvals, or diminishing engaged 
communities’ acceptance to a project. 
4.4.4.2 Lack of Resources  
Several study participants reported a lack of resources as a barrier to implementing drones 
for health projects (n = 9). Resources identified as lacking for optimal operations of 
particular projects included time, staff, and overall funding. In some regions, the lack of 
electricity or material resources, such as a refrigerator to store biosamples or medical 
supplies, represented important barriers to implementing the drones for health projects in 
a particular area. A number of participants pointed out that many different stakeholders, 
including themselves, were impacted by time constraints. In the assessment of these 
participants, time constraints for the execution of a drone project impacted community 
engagement in particular, and opportunities to optimize drone testing. For example, some 
participants described having limited or no opportunity to fly drones, due to technical 
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issues, weather conditions, or needing to spend a majority of their time gaining approvals 
to conduct the project instead of actually executing the project (n = 6). 
Two participants described time as a limitation faced by health workers and lab 
technicians. Such specialists, integral to the integration of certain projects within existing 
testing or diagnostic infrastructure, already faced heavy workloads. It was clear to at least 
two participants that enthusiasm and engagement with new drones for health initiatives 
was tempered amongst such specialists by an understanding that these projects implied 
additional responsibilities being added onto their existing heavy workloads. Time 
constraints on limited yet essential human resources available to move projects forward and 
ensure their smooth operation could and did in some cases, impact achievement of project 
objectives. Additionally, seven participants mentioned a lack of individuals with 
appropriate expertise to quickly come onto projects as supervisors, technicians, and pilots 
(n = 7). However, this was not a major barrier in participants’ eyes. Participants reported 
being able to train and rely on community members and community health workers to 
support projects. Little to no incentives were provided to community members working 
with drones for health projects.  This lack of remuneration was not flagged as a concern 
by any of the participants. In a minority of projects, drone teams recruited. Two 
participants described time as a limitation faced by health workers and lab technicians. 
Such specialists, integral to the integration of certain projects within existing testing or 
diagnostic infrastructure, already faced heavy workloads. It was clear to at least two 
participants that enthusiasm and engagement with new drones for health initiatives was 
tempered amongst such specialists by an understanding that these projects implied 
additional responsibilities being added onto their existing heavy workloads. In a minority 
of projects, drone teams recruited individuals with the appropriate skills or expertise to 
support field implementation from outside the project’s context (n = 4). 
A handful of participants mentioned the high costs associated with drone technology and 
the human resources required to execute drone for health projects (n = 3). Many more 
participants mentioned that the scope of their project was constrained by the limited 
budget, and worried about the future of these projects once funding of the pilot project 
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ended (n = 10). Some participants (n = 4) explained that this worry was not only theirs: 
communities involved in pilots wanted to see these projects expand to all health facilities 
and other communities.  No solutions were identified by participants to address these 
various resource limitations, which posed practical challenges to implementing, 
sustaining, and scaling drones for health projects to other communities. 
4.4.4.3 Technical Challenges  
Almost all participants faced technical challenges during the implementation of their 
drones for health projects. These related primarily to drone technology (n = 14), weather 
conditions (n = 7), and geography/topography (n = 3). Drone technology challenges 
included network issues (n = 4), GPS problems (n = 3), flying drones autonomously (n = 
3), and precision landing (n = 4). Some participants (n = 3) pointed out that drones’ short 
battery life limits flight distances, a problem exacerbated at higher altitudes. It was also 
brought to attention that drones need to be controlled for temperature and humidity when 
transporting samples (n = 3). Some technical issues resulted in drone crashes (n = 8). 
Three participants described how the topography of flight paths could make it challenging 
to fly and operate the drone (n = 3). Additionally, the large size of some villages created 
challenges to the collection of GPS coordinates to fly the drone in and out of the village 
for one drone team. Weather conditions could and did pose a major challenge in 
participants’ experience. Current drones in use cannot operate in certain weather 
conditions like severe wind and thunderstorms (n = 7). 
Three participants mentioned that technical challenges have either caused a loss of drones 
and samples or raised concerns of loss of drones and samples. Almost a third of the 
participants (n = 5) admitted that the pilot project with which they had worked had not 
successfully completed its objectives, due to technical challenges. 
A minority of participants reported being able to successfully overcome technical 
challenges by taking a back-up drone with them (n = 1), or having technicians and 
engineers troubleshoot the problem (n = 2). Study participants acknowledged that drone 
 
 
 
47 
technology is new and evolving (n = 3), and more work needs to be done to expand their 
effective and reliable use for health projects. Several participants called for further fine-
tuning and testing of the technology outside the context of projects, in order to resolve any 
technical issues (n = 7). 
4.4.4.4 Lack of Guidelines and Regulations  
Several participants mentioned limited or non-existent guidelines and regulations for 
drone use in the countries where they worked as a challenge (n = 6). In the absence of 
these reference points, some participants reported that they and their teams were unsure 
how to appropriately execute their drones for health projects (n = 3). Some countries had 
guidelines and regulations for drone use, but these were not specific to drones employed 
for health purposes, limiting their utility as frameworks for drones for health projects (n 
= 2). Participants noted that these general drone guidelines did not address health-related 
safety and privacy issues and standard operation procedures for transporting medical 
supplies and biological samples (n = 2). Additionally, general drone guidelines in some 
national settings defined limitations on the radiofrequency employed by drones, their 
altitude and distance, and their cargo weight in ways participants saw as incompatible with 
the mission of drones for health projects (n = 4). 
Some participants found that the lack of appropriate healthcare-related guidelines made 
it time-consuming for them to adapt existing guidelines and get approvals to conduct the 
project (n = 2). On the other hand, a participant described that a country with no drone 
regulations made it easy for them to implement the drones for health projects as they had 
the flexibility to develop principles of operations that could facilitate the project execution 
(n = 1). 
To overcome these challenges, participants adapted the general drone guidelines to better 
accommodate the drones for health projects (n = 2). Two participants explicitly called for 
healthcare-specific drone guidelines (n = 2). As a matter of fact, countries have further 
developed their drone regulations after the introduction of drones for health projects (n = 
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4). Participants recognized that governments are learning during this process as 
guidelines are evolving (n = 2). 
Many participants reported that collaboration with stakeholders such as, for example, 
national and local government, the ministry of health, telecommunication regulatory 
agency, and civil aviation is required to develop drone regulations to conduct these drones 
for health projects (n = 4). Guidelines can also be developed by learning from other 
countries which successfully implemented these drones for health projects (n = 1). Not 
only is it challenging to execute these projects without the appropriate guidelines, but it 
also makes it difficult to sustain the project as there are no regulations governing the 
management and execution of drones for health projects (n = 2). 
4.4.4.5 Inability to Access Appropriate Stakeholders  
Several participants pointed out that they faced challenges contacting appropriate 
community stakeholders at the outset of projects (n = 11). Two participants said they were 
able to communicate with local community members only after arriving at the local 
community (n = 2). The lack of phone lines or cellular networks in some areas made it 
difficult to inform community leaders of a project prior to their physical arrival (n = 2). 
One participant reported that a lack of clear social hierarchy and leadership in one 
community made it particularly difficult to know how to initiate engagement with the 
community, as they typically approached elected or traditional leaders for permission to 
speak to the broader community. Some participants noted low attendance at some of their 
project’s community information sessions, attributing this low turnout to their failure to 
figure out how to properly communicate to communities, organizations, and leaders about 
the community sensitization (n = 3). It was observed by many participants that local 
community members were usually at school, away from the community, busy with 
household chores, or at work when community engagement activities, such as information 
sessions or flight demonstrations took place (n = 6). Several participants noted it was 
especially hard to engage male community members because they were the ones usually 
away for work (n = 5). 
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The large population size of some of the communities positioned to host drone for health 
projects made it hard for participants and their teams to know to what extent invitations 
and attendance of community engagement activities were effective and inclusive (n = 3). 
This was further exacerbated if information sessions were held in more central villages, 
but aimed to include populations from surrounding villages (n = 1). To mitigate limitation 
to formal community engagement, a significant number of study participants reported that 
their teams relied on children, women, elected officials, or traditional leaders to relay the 
information about the project. 
This shows how teams conduct engagement initiatives expecting individuals who attend 
these initiatives to further spread awareness about these projects within the community. Aside 
from community engagement activities, a participant identified that they faced difficulty 
hiring local youth to join the project as most of them moved from the remote village for 
work (n = 1). Additionally, two participants mentioned that it was hard to coordinate 
meetings with non-governmental and governmental organizations to execute this project 
because they are busy (n = 3). One participant recommended overcoming these challenges 
by being flexible to change the meeting date to best-fit everyone’s schedule (n = 1), having 
used this strategy themselves successfully. 
4.4.5 Ethical Complexities in Implementing Drones for Health 
Projects  
Participants’ accounts brought to light several ethical complexities that merit consideration 
when initiating drone for health projects. These include complexities of consent, host 
communities’ perceived limited understanding of drones for health project, the fit of project 
goals with community priorities, and the need for transparency and honesty in project 
management. 
4.4.5.1 Complexities of Informed Consent  
Providing individuals residing in remote communities with the opportunity to provide 
their informed consent to the introduction of drones for health projects in their midst is 
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important, as it promotes individual autonomy, and prevents individuals from feeling a 
project is being imposed without respect for their preference. Obtaining consent from 
communities and residents in communities, especially when working in remote areas 
where drone teams will be perceived without a doubt as outsiders, supports good or ethical 
practices of community engagement and implementation. However, participants’ reports of 
consent practices underlined these as clear sites for potential ethical complexity. For 
example, one participant mentioned that they were unsure whether executing the drones for 
health projects without community sensitization and with just the consent from the 
traditional leader was appropriate (n = 1). Different approaches were taken in different 
contexts: Collective consent was sought in some locations and cases (n = 7), while 
individual consent from community members was sought in others (n = 6). 
There were inconsistent consent practices within and between drones for health projects 
(n = 5). For example, consent practices were different in rural and urban settings within 
the same country, in one participant’s account. Some participants mentioned that in rural 
settings, their normal practice was to ask community representatives if it was acceptable 
to make use of private lands (n = 3); while other participants described their normal 
practice as involving obtaining consent from the landowner instead (n = 3). The impacts of 
these different practices, in terms of community perceptions of the drone projects, was 
unclear to participants. Inconsistent consent practices could undermine individuals’ 
autonomy or respect for local cultures. 
Many projects relied on obtaining collective consents from representatives in the village to 
conduct and present these drones for health projects in the communities (n = 7). This 
harbored its own ethical complexities. Participants described sometimes getting help from 
community representative to convince community members who were hesitant in 
providing informed consent (n = 3). In one scenario described by Participant 08, the team 
was unable to obtain permission from community members to land the drones on private 
properties.  The public health officials suggested the team get help from the ward 
councilors to convince the community members to cooperate with the team. Participant 
08 proceeded with this plan, but felt uncomfortable given they suspected community 
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members felt unable to refuse a recommendation from their ward councilor. A few other 
participants explicitly stated that individuals usually do not disagree with the elected or 
traditional representatives (n = 3). 
4.4.5.2 Individual’s Perceived Limited Understanding of Drones for 
Health Projects 
A facet of obtaining informed consent is ensuring that local community members, 
government, and non-government organizations fully understand the nature of the drones 
for health projects. 
In fact, many of the above-mentioned concerns stem, according to many of this study’s 
participants, from limited awareness and understanding of drones for health projects. 
Such limited awareness has, in several instances, according to participants, led to rumors 
and miscommunication, causing individuals to fear drones or resist the implementation 
of drones (n = 9). These included rumors and misunderstandings that drones would be 
used for mining (n = 3), surveillance (n = 5), policing (n = 2), or military reconnaissance (n 
= 2). Some participants explained that such rumors and misunderstanding stemmed from 
individuals’ real and perceived experiences of drone use. For example, in some settings, 
community members were aware of their government’s plan to use drones to police the 
border, or seen drones dropping missiles in movies. In one instance, there was a 
misunderstanding that drones were being introduced with a plan to replace existing health 
services (n = 1). Such concerns, participants reported, could be further amplified when 
these drones for healthcare projects were implemented by foreigners. In at least one case, 
this distrust was based on a community’s past experience of hosting a project whose team 
had never followed up to share the results of the project. More often, distrust was 
connected to a colonial history that involved foreigners stealing their lands or otherwise 
harming them (n = 3). Another rumor participants had heard was that foreigners were 
sucking the blood out of community members with witchcraft-like (drone) technology (n 
= 2). 
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In addition to these misunderstandings, participants worried that community members 
and elected officials may not actually understand the “spectrum of harms and benefits the 
drones might cause” (Participant 08) (n = 4). Participants hypothesized that limited 
understanding originated in either the fact that stakeholders were unfamiliar with drones 
being used for healthcare (n = 4), or had heard rumors spreading about the project (n = 9), 
or did not have the literacy skills to fully grasp the idea of using drones for healthcare (n 
= 1). Several participants mentioned that they were quite certain community members 
might not fully understand the complexities of the drone technology and the implications 
drones may potentially have on their safety and privacy (n = 5). Some study participants 
asserted that any limited understanding they observed did not surprise them, as it was 
difficult for them to fully understand the consequences of their own drones for health 
projects before actually executing the project (n = 3). 
A majority of participants emphasized the need and importance for community 
sensitization to help individuals better understand these drones for health projects (n = 9). 
Participants indicated that they were able to clarify any misunderstanding through 
community sensitization, where they explained the drone project, answered questions, and 
allowed community members to interact with the drone technology (n = 9). 
4.4.5.3 Aligning with Community Priorities  
It has been brought to light through several participants’ description of the drones for 
health projects that these projects sometimes do not necessarily meet the needs of the local 
community (n = 7). Communities do not want studies and trials; they want solutions to 
their problems (n = 1). However, almost all drones for health projects in which our study 
participants were involved were generating evidence and testing the feasibility of drones 
for healthcare (n = 15), rather than transforming health realities in these communities. For 
example, a participant mentioned that though their project identified the cause of the 
flooding in the community, the drones were not actually fixing this problem (n = 1). A 
point made by a couple of participants was that drones are sophisticated technologies that 
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do not, however, solve more basic problems impacting day to day life in communities (n 
= 2), such as access to food. 
It is important to consider the ethical implications of allocating resources to implementing 
these expensive drone programs instead of allocating resources to other areas that might 
better address community health needs. Currently, drones for health projects are focusing 
on one use case or even one disease, and a participant reported that this worried some 
individuals in these communities as it does not address what they regarded as their most 
urgent health problems (n = 1). 
Several participants reported being approached by individuals and organizations with 
requests to expand the drone use case (n = 5). A participant mentioned that they included 
additional use cases, such as sending medicines in addition to vaccines based on one 
community’s needs and requests (n = 1). By consulting with local communities, 
participants were better able to tailor the drones for health projects to meet the needs of 
the in a more meaningful and impactful way (n = 2). 
4.4.5.4 Transparency and Honesty in Project Management  
Study participants insisted it was important for them to be honest with local communities 
about what to expect from the drones for health projects (n = 5). In some settings, 
participants had been unable to successfully conduct promised pilot flights, due to 
technical issues (n = 3). Participants involved in these projects recognized that, by not 
fulfilling their plans, communities were left feeling disappointed and were not given the 
opportunity to better understand the drone project. 
Participants acknowledged the importance of being honest with community members about 
what the drone technology could and could not achieve (n = 5). Clear upfront 
communication about the parameters of drones for health projects was recommended as 
the key to managing expectations about project outcomes, especially where projects are 
feasibility tests and project timelines are short. As one participant noted, if they 
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overpromised and underdelivered, then it would make it harder for them to operate again 
in that community (n = 1). 
4.5 Discussion  
Drones have the potential to transform healthcare landscapes. They are being used for a 
wide and expanding range of purposes, from biological sample delivery, live vector 
delivery, and medical supplies delivery, to mapping, disaster monitoring, and environmental 
monitoring. This study provides a unique snapshot into the perceived benefits, challenges, 
and complexities of using drones for health, in the eyes of those on the front lines of this 
rapidly evolving technology. 
Participants highlighted both direct and indirect benefits of using drones for healthcare 
purposes, especially within rural settings with limited road infrastructure and access to 
healthcare. Direct benefits described included: better access to healthcare; enhanced 
health services; reduced costs to patients; and reduced waiting times. All of these were 
framed by participants as ultimately improving healthcare outcomes. Indirect benefits cited 
included: building local capacity; potentially solving other issues; providing infrastructure 
to support and continue similar drone projects; mitigating existing risks, such as the need to 
travel dangerous roads; and motivating individuals (and in particular youth) to think of 
innovative ways to use drone technology to solve local issues. 
In terms of challenges experienced in the process of introducing drones for healthcare 
purposes in a range of settings, these were both practical and ethical. Participants 
described having to navigate skepticism of the project amongst community members and 
government officials. What emerges from accounts of this challenge is a reminder that 
introducing changes in health systems requires much conversation, explanation, and 
collaboration with the populations who supposedly stand to benefit from these interventions. 
Community engagement is viewed as an ethical and practical imperative when 
implementing any new information and communication technology [45–47]. Many drone 
companies and organizations have recognized the need to engage with local community 
members whether it is through hosting community engagement initiatives about drones 
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or developing drone software that enables local community members to fly drones [30]. 
However, there are current gaps in the literature describing community engagement 
practices for the use of drones in the healthcare context [48,49]. Good community 
engagement takes time, and will be uniquely articulated to local population needs, 
concerns, and preferences. If community engagement processes are to be authentically 
integrated within the use of drones for healthcare programs, timelines for these programs 
may need to be more flexible, in accordance with never wholly predictable processes, 
norms, and ideals of community engagement in specific contexts. 
Several participants experienced practical challenges of limited time, money, or human 
resources to implement the drones for health projects in a manner that was fully 
satisfactory to them. Where experienced, these limitations on resources impacted time 
allocated for drone demonstrations, community engagement more generally, and the 
ability to resolve technological issues. Regulations and negotiating rights to fly is a 
common barrier to initiating and accelerating healthcare-related drone projects [30]. 
Likewise, many participants also noted that the drone projects with which they were 
involved experienced slowdowns linked to a lack of healthcare-specific drone guidelines 
in the jurisdiction where they were operating. This lack of regulatory framework made it 
harder to gain approvals from governments and civil aviation to execute these drones for 
health projects. Beyond these contextual challenges, participants described many 
technical challenges associated with the technology. These impacted their ability to 
complete pilot flights and projects in a timely manner. 
It is important to note that like most new technologies, drones may lend themselves to 
function creep [50]. The term “function creep” refers to when technology is used in ways 
other than what it was originally intended to be used for [50,51]. These changes usually 
result in increased surveillance and control, which are unacceptable [50,51]. This is 
especially concerning since there is a history of using drones for policing, surveillance, and 
military purposes [52,53]. Many concerns surrounding these projects were brought to 
attention through participants’ account of their experiences. These included privacy, 
security, safety, sustainability, and context-specific concerns. These real and perceived 
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concerns may be because drones are being tested in areas that have long histories of colonial 
surveillance where unmanned and manned vehicles have been used for reconnaissance, war, 
and scientific research [30]. These collective colonial and postcolonial memories inform 
citizens’ response to contemporary health campaigns [30]. This needs to be taken into 
consideration, since biomedical drones are being deployed in parallel with the deployment 
of military drones [30]. These medical drones can be mistaken for military drones by 
civilians causing them to have anxiety and post-traumatic stress, especially if deployed in 
countries that have a history of being attacked by military drones [54]. This exacerbates 
the mistrust citizens have of these humanitarian interventions [30].  
By looking closely at the concerns raised by community members and stakeholders, it can 
be seen that the majority of these concerns stem from community members’ limited 
understanding of projects. These misunderstandings need to be understood and corrected 
in order to facilitate individuals’ understanding of the benefits and consequences of 
projects. It is ethically and practically crucial that individuals on the “host” end of drones 
for health projects be given the opportunity to voice their (mis)understandings, often 
sources of concerns, prior to the roll-out of projects. If individuals do not understand 
drones for health project, they cannot critically evaluate the project and assess for 
themselves its benefits and risks. 
Likewise, it is important for individuals in communities hosting these projects to 
understand and help define projects’ potential benefits. Understanding these benefits can 
help garner their interest, collaboration with, and confidence in these projects. It would be 
unethical to implement these drones for health projects based on the consent provided by 
individuals who have not considered the risks and fully understand the nature of these 
drones for health projects.  There is no doubt that it may be challenging for drone teams 
to correctly identify and disclose these risks and benefits of drones, due to the novelty of 
this technology [55]. Still, it is important that project coordinators and field staff make 
efforts to identify and address any misconceptions related to drones for health projects.  
In addition to clearly explaining what projects and the drones involved will and will not 
be doing, project coordinators and field staff should be prepared to provide communities 
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hosting these new projects with the opportunity to identify how drone teams can operate in 
ways to mitigate community rumors and concerns. Drones for health program teams 
cannot be confident they are serving the interests of their target populations if they do so 
in the absence of clear, context-appropriate sharing of information and dialogue about the 
project with community members. 
Current practices reported by participants in this study indicate there remains room for 
improvement in this area. Processes for seeking informed consent for new drones for health 
programs are not consistent between and within projects.  Inconsistent consent processes 
have the potential to undermine respect for individuals’ autonomy and culture. Drone teams 
need to consider the power imbalances between community leaders and those they 
represent, and try to understand what norms of decision-making are in specific settings, 
They must seek to understand what such norms and dynamics mean for consent processes. 
Community leaders may hold more power than community members allowing them to 
influence and even make decisions on behalf of the rest of the community [56–58]. This 
unequal symbolic power relations may cause ethical tensions between community-level 
consent and individual-level consent impacting an individual’s ability to make decisions 
for themselves [59]. In order to do this kind of work, it is ethical to ensure that drone projects 
meet the needs of the communities by consulting with community members. This could 
also provide an opportunity for participants and their teams to be transparent about what 
drones could achieve and manage stakeholder expectation. 
Practical challenges, ethical complexities, and contextual particularities overlap and need 
to be considered in tandem. Participants reported they and their teams were able to resolve 
or address many of these ethical complexities and practical challenges by collaborating and 
involving stakeholders, such as community members, elected officials, healthcare staff, 
security personnel, or civil aviation organizations. 
For future drone projects, it is recommended to use evidence generated from this project to 
draft a global guidance document on key practical, ethical and legal considerations for the 
implementation of drone for health projects. Such a document should be developed in 
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collaboration with key stakeholders, such as drone teams, private sector, and governments. 
We also suggest that drone teams collaborate with involved communities’ elected and 
traditional leaders to identify local needs and create context-specific guidelines based on the 
global guidance drafted based on the findings from this study. Guidelines and the global 
guidance will then have to be re-evaluated and adapted based on needs and gaps identified 
by stakeholders that emerge after the implementation of these guidelines in these local 
contexts (Figure 1). 
 
 
Figure 1. Developing and localizing global guidance. 
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Global guidance should include guidance on developing consistent context-appropriate 
consent processes. This will ensure that informed consent processes are consistent within 
and between projects. Drone teams need to identify how to obtain consent while respecting 
local customs and values, recognizing that collective consent is preferred and ethically 
acceptable in some sub-national settings and countries [60,61]. However, obtaining 
informed consent for drones for health projects may be onerous and even impossible, due 
to the indefinite number of people affected by such programs [62]. Alternatively, 
individual consent can be replaced by consent-by-proxy from governments and drone 
technology developers if these drones for health projects are categorized as public health 
initiatives instead of research projects [55,63,64]. 
Global guidance can underline the core importance of community engagement. Such 
engagement is key, as participants asserted, to identifying, understanding, but also 
importantly learning how to mitigate any context-specific concerns in ways that are 
satisfactory ideally to engaged community members. Community engagement is also 
important in terms of laying the groundwork for drones for health projects to be truly 
localized eventually: maybe eventually funded, but certainly developed and staffed at the 
local level. Guidance could outline a framework for organizing community engagement 
initiatives that are context-appropriate, and cautious to respect local cultural and social 
norms. 
It is evident from participants’ accounts that there is a need for healthcare-specific drone 
regulations that include health-specific cargo weight and flight distance allowances, in 
addition to other jurisdiction-specific rules pertaining to the delivery of health materials. 
Global guidance may also underline the importance of such regulatory supports and their 
development at the local level. 
4.6 Conclusion  
In conclusion, this study aims to bridge this gap in the literature by providing a summary 
of the ethical and practical challenges faced by front line staff who introduce drones 
for healthcare projects to communities. By presenting the ethical and practical challenges 
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of these drones for health projects and how participants and their drone teams overcame 
these challenges, this paper provides an initial framework that could guide the introduction 
and implementation of future drones for health projects. In doing so, this paper contributes 
to the “drone theory in global health”, which calls a need for more critical engagement 
with the social, political, and ethical meanings and implications of the biomedical drone 
in global health supposed problem-solving [30]. Developing drone theory requires 
advancing evidence of the implications and complexities of drone use in practice and 
in specific contexts. This study’s findings can inform emergent evidence-based 
elaboration of why and how drones represent meaningful new technologies on the 
landscape within the global health landscape. 
Beyond what drones mean in specific settings, we hope and intend this study’s findings to 
be of use in the short term. Practically speaking, it is our hope recommendations for 
addressing various challenges identified by participants in this paper will be of use to 
another drone for health teams, as they undertake other drones for health projects. There 
exists no global guidance to orient drones for health projects. The ethical and social 
implications of those drones for health projects described in this article could be used as a 
starting point to develop such guidance, which may serve as an important tool to facilitate 
the execution of future drones for health projects. 
4.7 Study Limitations  
It is important to note that almost all the drones for health projects discussed by 
participants were short-term proof of concept projects. Hopefully, practical and ethical 
challenges outlined by participants, and implementers’ abilities to respond to population 
concerns, can be mitigated in future through more experience-based preparedness and 
resourcing for diverse community engagement and trust-building processes in diverse 
settings. Further research is needed to determine whether the ethical and practical 
concerns, challenges, and complexities identified in these pilot projects persist once 
projects become more permanent programs within health systems. 
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This study did not include drones for health projects from Europe. This is the result of our 
recruitment and sampling strategy, which took as its point of departure Flying Labs that are 
located in low- and middle-income country contexts. Towards developing global guidance 
and drone theory, further research is needed to ensure greater cross-country and region 
representation. 
Finally, this study did not explore differences in concerns, including perceived potential 
risks to privacy and safety, for example, associated with rural versus urban missions. The 
majority of projects described by participants, in accordance with operations of Flying 
Labs and the participants recruited through the UAV Network, were working in a rural 
and remote setting. Further research would be merited to explore such potential 
differences. 
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4.9 Supplementary File  
Table S1. Exemplary quotes corresponding to key concerns, practical challenges, 
and ethical complexities. 
Theme Example Quotes 
Privacy and Security 
Concerns 
“…Some of [the people from the communities] saw it in the movies—
on the movies like action movies like using for shooting or like you 
know bomb explosions, for spying. Some people asked questions like, 
if doing something else apart from the drone supporting specimens and 
the medical supplies. So, it was a bit tough to explain that to the 
community.” Participant 05  
“…People were more worried about issues like privacy, were 
wondering maybe were worried that maybe we would have cameras on 
drones and maybe they would be taking pictures and stuff like that.” 
Participant 12  
“Their concerns are like, if they did not know the project yet but before 
they see the drone flying, that may be a problem if they do not know 
the project. But if they are aware there is a project using the drone, 
there is no problem because they may think the drone is suspecting or 
spying their land or resources or shooting the people, their kids. They 
may shoot the drone, or they may throw the drones like if they are not 
aware of the existence of the project.” Participant 05  
Safety Concerns 
“The biggest concern of course worrying about safety; the drone 
crashing on people, on property.” Participant 10 
“I think we just wanted to make sure that the drones were as safe as 
possible. To make sure that nothing happens. Because in general our 
goal is to try and improve health service delivery and the health of 
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people, so naturally, we don't want—in trying to do that or testing 
some technology to achieve that in the process, we are able to—I mean 
we end up you know injuring people or something like that. So, we just 
felt that it was necessary to take all precautions to make sure that was 
safe.” Participant 12  
“My negative worry about using drone in Madagascar is about what—
spy or in some problem of war or some problem of biological war, 
that’s my concern of using drones because that’s bad; that’s my main 
worry.” Participant 06  
The importance of 
context 
“...The only thing we got was to stay away from the refugee camp very 
close to where we were planning to fly. And we were told by everyone 
to stay away from there because these are people coming from you 
know war torn areas in Africa and they will panic if they see a drone 
fly over their heads so it’s best to just avoid the area completely instead 
of causing panic there.” Participant 10  
“Mining is one of the concerns in here, because some—not much, but 
some people from other municipalities might think that drones could be 
used to transport- a means of transport of gold from one field of 
extraction to one location...” Participant 06  
“…I think in the urban centers, the people were more worried about 
issues like privacy, were wondering maybe were worried that maybe 
we would have cameras on drones and maybe they would be taking 
pictures and stuff like that. So, we were focusing on that aspect 
because it was like a recurring theme in the urban setting, whereas in 
the in the rural setting that was not the issue at all. They were more 
worried about that some people may not fully understand how it works 
and they may associate it with maybe some magic or satanism or things 
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like that. Especially that we're also talking about the drones cutting 
images to blood. Blood is the effervescent product.” Participant 12  
Skepticism of Drone 
Technology  
“…The first time it was very difficult for [district health officers] to 
understand because they had not seen any examples. So, when they 
draft the letter of support for first time, it was very generic. So, we try 
to talk to them to write some specific details, but they were quite 
hesitant because they have not seen how the technology actually work 
in the field. In the first time, it was quite difficult, but now in the 
second time, they have seen how the technology works and what the 
technology is. So now in the second time, the draft—the letter of 
support is drafted in a more like positive way and they have mentioned 
some good things about the impact the technology have created in the 
society.” Participant 03 
“Yeah I think some of the community members were skeptical. You 
know I think—although I’m going to be hesitant to comment here 
because it was a period of time that town of Caledon where there was a 
change that had taken place and their dispatch just stopped. So, once 
we— now the drone project, there was some that said “well look 
they’re taking away our EMS response and they're giving us drone like 
we’re sort of an experimental area.” Participant 07  
Lack of Resources 
“And then you have a limited amount of funding, limited amount of 
time to get your project down, so you’re not going to spend like 6 
months in a community making sure everybody is reached just to do 5 
days of flights.” Participant 10   
“You know the normal reaction would be like ‘okay, okay, okay, okay, 
hold your horses, you know, I’m busy. I have people here in the clinic.’ 
They would not say they don’t have time to deal with the drones, they 
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would just push back a bit. They would say “we have a lot of stuff on 
our hands right now,’ you know.” Participant 04  
“We have only shown the drone, but we haven’t given the full 
information like what is drone, how can we collect the sample, 
suspected cases. how is patient, how can we collect the sample from 
that patient, after collecting sample how health workers enroll, how 
drone take it , after taking, how it is examined in our GeneXpert 
machine, what will be the result, that result is again transported by 
drone to the health facilities. After coming to health facilities how we 
inform to the patient, after informing, how we enroll and treatment 
after treatment how do we cure and complete them. If we would have 
been able to show them [stepwise what the drone does] then that would 
have been much better. As it was a short time period project, all 
making videos, giving orientations, program implementation, all thing 
we have to do, so it is little bit not sufficient.” Participant 14  
“It is important to give a training for the community health workers, 
because they are the community—I mean like community health 
workers in the village, if we fly the drone for example to the village, 
we don’t like have as many technicians to go to the field, so at least we 
have the community health workers to receive the supplies or to send 
the specimens in the drone. So, it’s important.” Participant 05  
Technical Challenges 
“…We did not succeed on the flight test of the drones. We always 
failed on the test—on the flight test, so we did not progress to the 
training of the community health workers because of that situation. But 
if the drone works well, so even the members of the DrOTS team 
should have been trained from this.” Participant 05  
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“…This 15% loss was mainly due to weather issues. That is, as you 
know when the drone does not arrive. It doesn’t meet the flight plan for 
different reasons, due to storm issues, weather issues, so the drone 
returns to its base.” Participant 13 
“Occasionally, I worry about that. I worry about that because the flat 
and the topography in here made me worry because if the wind and the 
weather are not good at all, that might affect to the explosion were the 
loss of the drone and part of the distance and remoteness and that’s the 
worry to get the loss of samples with this.” Participant 06  
Lack of Guidelines and 
Regulations 
“But [existing guideline] is not applicable or suitable for our drone 
project because we have to carry sputum and medication, which weight 
more than 2 kg and have to travel more than 4 km. We have to give 
services to those who are far from the health service sites. 4 km wasn’t 
sufficient. Therefore, we could not follow that guideline and we 
modify it and implemented it.” Participant 14  
“No, actually in the Ministry of Home Affairs, previously, before we 
started this drones in health, there were only very broad guidelines 
about use of drones, so it was not very specific on what type of drones 
we were able to fly or what frequency we were able to take. So, there 
were not guidelines.” Participant 08  
“But now, few months back they came with new regulations. And as 
per the new regulation, if it is small drone, they don’t need to go to 
home ministry, they can get a letter of permission from the district 
office; that means from the local level. Now the home ministry, the 
now trust the local level and if it’s a small drone or up to 2 kg then the 
local level themselves can issue the permission. But if it is a bigger 
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drone like what we are using then only the home—central level 
ministry will be involved. So over time they are also learning and 
revising the terms and conditions.” Participant 03  
Inability to Access 
Appropriate 
Stakeholders 
“Yes, we have selected the school level student because in every house 
there are some students so that if the student will understand about that 
importance then they will make understand to their families, their 
relatives so that it would be understand by all people, so we are 
focused only school level also. And in that orientation, we are giving 
orientation to teacher also so that if student not understand teacher will 
help them understand and if teacher doesn’t understand then district 
level will help them.” Participant 09  
“So, if you invite everyone from the community, it’s not possible 
because it’s a huge number of people that you need to explain to. So, 
what we did was we invited the local leader of each community. So 
now in [COUNTRY], we have this smallest administrative unit, they 
are called wards. So we invited the ward chairperson and ward vice 
chairperson. And through these people we try to convey our 
information to the community.” Participant 03 
Complexities of 
Informed Consent 
“For rural villages, we don’t actually give it out to each community 
because when they give permission, it’s a collective permission 
whereby the village head speaks for each of the households, which are 
present in the community unless somebody speaks out and says that it’s 
a no…and if it was a urban setting, we have one consent form, which is 
for each household where it asks ‘Is it okay if we do this, fly over your 
property? Are you comfortable with that?’” Participant 01  
“We need to have an engagement of the authority, because you know 
in Africa—I’m not going to say everywhere, but the person trusts to the 
 
 
 
75 
authority. When the authority agrees to something, there are more 
person[s] who will agree. That’s why we think that to obtain an 
engagement of the allowance of the authority, it will be more helpful.” 
Participant 15  
“One thing is that maybe they couldn’t say no to [the ward heads], so 
because of that also [community members] agreed.” Participant 08  
Perceived Individual’s 
Limited Understanding 
of Drones for Health 
Project   
“The difficulties about introducing the drones was some misconception 
about the drone’s purpose, in regard of some rumour and somethings in 
the village such as gold mining. Gold mining was the one that caused 
many rumours in the village. People thought that we were there to 
drone for mapping of a mine and something underground and that was 
the main difficulties and challenge we met as. Because the region 
where we have been, there was some company from abroad to extract 
gold in there, and people get confused about who we are regarding to 
those company exploiting gold in some regions.” Participant 06  
“…I go and talk to all of these communities, the one thing that I feel is 
the people that we are talking to, they are so innocent…and almost 
50% or even more people who participate in community engagement 
workshop, they are usually illiterate. So, these illiterate people like they 
are so innocent that they don’t understand technology so they cannot 
think about anything negative or they cannot foresee privacy and this 
kind of things. So, they are very innocent and if you explain them 
something in a good way, then they easily trust on you.” Participant 03  
“There is room for doubts, there is room for concern, and there’s just a 
normal lack of information right so all we do—the importance that we 
see is making sure that everyone who sees it, everyone who engages 
with it, everyone who knows about it has the right information about 
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the mission of the drone, has the right information about the nature of 
the drone, has the right information about what the drone does, what it 
does not do, and so on and so forth. So that’s in a way, creates 
awareness into what is the service on and what it is doing to kind of 
alleviate any potential misconception of this new technology that is 
being used, so that’s why it’s important” Participant 16  
“Some were concerned about some people, you know, maybe thinking 
that there is some involvement of magic or Satanism or any 
supernatural powers in the operations of the drones.” Participant 12  
“Actually, it’s so new to everyone even including us. That people 
haven’t yet understood what all this spectrum of harms and benefits the 
drones might cause. Because of this thing also I think even the 
municipality people aren’t still aware about what harms also it can 
cause. Because of this, I think they aren’t raising many questions on 
drones because they don’t even know what it can do and what it can’t 
do. So at the moment when I was working on the project, I think 
everyone was very curious and excited, but now if you go back to those 
people now and ask them, I’m sure they still have many concerns 
now—few concerns about this project because they now understood a 
little bit how easy it is or how hard it is.”  Participant 08  
“Then doing this community sensitization, that’s a direct extension 
because the less familiar people are with drones, the more work you 
have to put in to making sure they know what they are getting 
themselves into when they say “yes I would like a drone show up in 
my community.” Participant 10  
Aligning with 
community priorities 
“…Drone might not be responding directly or immediately to what 
they need. And with regards of the importance and emergency of 
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human needs, like those people who are struggling or finding out what 
to eat everyday...their priority is to hunt food and to sustain their 
livelihood, rather than seeing a device flying on the sky, which doesn’t 
bring food to them. And that’s quite difficult for people.” Participant 
06  
“The project was only about tuberculosis, and some people thought that 
with another diseases when our medical team said “you only treat 
tuberculosis” because that is the only disease that we have 
authorization from the Ministry of Health, and some people were kind 
of panicked, because they cannot have the treatment for their diseases, 
so it was a very difficult to face that situation in the community.” 
Participant 05  
“I think we have to remember that sometimes as researchers or even as 
medical people, we think we know best. But the community knows 
best, so involving them early is always—is always a good thing. So, I 
think that we have to learn some of that; learn how to do that better in 
our research. We’re not very good at it.” Participant 11  
Transparency and 
honesty in project 
management 
“And it was a bit difficult to have the information because the drone 
did not fly to them and during the sensitization they know that we are 
using drones to transport the things but until we conducted the 
perception study – when we did the study with them and they said like 
“we are excited to see the drones, and the drone is not coming yet”, so 
we can see like from the perception that some people are upset and 
disappointed.” (Participant 05) 
“…You go in front of [the communities] and then you start talking 
about hi-fi technology and they have very basic health problems…in 
their community. So, I find that very difficult time and again. So what I 
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do to avoid that situation is I try to be very honest from my side when I 
deliver the details of the work that we are trying to do because in this 
project like we don’t tell that—when we give the presentation, we 
don’t tell that the drones is going to solve all the healthcare problems. 
What we just tell is like it’s just another means of transport like jeep or 
a motorbike, because in the monsoon and when you have bad roads 
motorbike and jeeps they cannot travel, so if you send a drone, it 
becomes faster. So, rather than telling like it completely changes 
everything, you have to be very honest and when you become very 
honest and tell the details of your project, then you don’t feel like 
cheating the community. So, yeah that’s how we do it.” Participant 03 
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5 Discussion and Recommendations  
5.1 Discussion   
Drone use is expanding within the healthcare setting. Drones are being used for various 
purposes from medical supply delivery to telemedicine. In the projects that have been 
explored in this study, the uses included biological sample delivery, live vector delivery, 
and medical supplies delivery, to mapping, disaster monitoring, and environmental 
monitoring. With drone technology’s potential to revolutionize the landscape of healthcare, 
especially in the context of under-served remote and rural areas, it is important to consider 
the ethical and practical implications of implementing this technology.  
There is an urgent need to develop evidence-informed recommendations to guide the 
implementation of drone technologies for healthcare delivery; these recommendations 
need to take into consideration the social, political, and ethical implications of this 
technology (Peckham & Sinha, 2019). This study attempts to respond to that call by 
understanding the real and perceived benefits, challenges, and ethical complexities faced 
by those on the front line of implementing drones for health projects in local communities.  
The challenges described by participants in this study were numerous. These included: 
skepticism of drone technology; lack of resources; technical challenges; lack of guidelines 
and regulations; inability to access appropriate stakeholders; complexities of informed 
consent; perceived individual’s limited understanding; aligning with community priorities 
and; transparency and honesty in project management. Many of these challenges were 
ethical and practical challenges. Indeed, what emerges through the findings from this study 
is that the line between ethical and practical challenges is often unclear: it was in the face 
of practical issues such as lack of guideline and regulations and inability to access 
appropriate stakeholders, that there emerged ethical questions, such as do drones for health 
programs require informed consent? Is it appropriate to obtain collective consent instead 
of individual consent? How does power relationships play a role in obtaining collective 
consent? Can these power relationships coerce individuals to agree to participate in these 
drones for health programs? 
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Participants’ accounts highlight that they mitigated many of the challenges they faced by 
tailoring their methods of informing, involving, and communicating with communities that 
they worked. This is not novel as a strategy, but it is worth highlighting. The importance 
of community engagement for successful drones for health interventions has been noted in 
the literature (Healthcare IT News Australia, 2018; Stahl, Timmermans, & Flick, 2017; 
UN's Children Fund, 2017). Community engagement represents for many an ethical and 
practical imperative when implementing new information and communication technology 
(ICT) in any setting (Alvial-Palavicino, Garrido-Echverria, Jimenez-Estevez, Reyes & 
Palma-Behnke, 2011; Gomez, Reed, & Chae, 2013; Heeks, 2017). It is important for 
stakeholders (i.e. drone developers, drone operators, governments, not-for-profit 
organizations healthcare professionals, policy-makers, and local community members) to 
be involved in identifying the impact technology has on individuals, the potential 
consequences of the use of technology, perceptions of technology, the uncertainty of 
outcomes, and how the technology affects humans’ roles in society (Heeks, 2017; Peckham 
& Sinha, 2018). Engaging with communities is important to nuancing ethics of global 
health initiatives for specific contexts (Benatar et al., 2003; Godard et al., 2018; Pinto & 
Upshur, 2013). Community engagement allows for capacity building, enhanced health 
outcomes, shared benefits, improved understanding of local cultures and values, effective 
stewardship of public resources, and improved public trust and acceptance (Council for 
International Organizations of Medical Science, 2016; Emmanuel, Wendler, Killen & 
Grady, 2004; Nuffield Council on Bioethics, 2002; Solomon, Gusmano & Maschke, 2016). 
By doing so community engagement aims to empower local stakeholders, democratize 
knowledge production, and reduce power inequalities (Council for International 
Organizations of Medical Science, 2016; Emmanuel, Wendler, Killen & Grady, 2004; 
Nuffield Council on Bioethics, 2002; Reynolds & Sariola, 2018; Solomon, Gusmano & 
Maschke, 2016). The value of community engagement holds true for all health 
technologies, and this is no different for drones.  
Many drone companies and organizations have recognized the need to engage with local 
community members whether it is through hosting community engagement events about 
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drones or developing drone software that enables local community members to fly drones 
(Peckham & Sinha, 2019). For example, WeRobotics aims to improve community 
engagement by localizing humanitarian drones; they have developed local knowledge hubs 
called Flying Labs that increases economical and individual capacity at the local level 
(WeRobotics, n.d.b). By building local capacity, WeRobotics is promoting technological 
self-reliance instead of a short-term solution resulting in a sustainable project (Peckham & 
Sinha, 2019; WeRobotics, n.d.b). Despite these various initiatives, there are current gaps 
in the literature describing community engagement practices for the introduction and use 
of drones in the healthcare context (Federal Aviation Administration, 2019a; UAViators, 
2016). Several complexities of engaging communities emerge in this study. Key amongst 
these complexities and unpacked below, is the matter of who to engage when introducing 
a drone for health program? 
In this study, participants reported that they approached traditional or elected leaders in 
order to get approval to conduct the project; this is to respect the local community’s culture. 
In addition to getting approvals, approaching community gatekeepers also had other 
benefits such as building trust with local community members and gaining acceptance of 
the project from the community gatekeepers. These results reflect those of Kass and Hyder 
(2001) who conducted a survey that indicated that one-third of researchers from the United 
States doing international research sought approval from a village leader to do their 
research. In many non-Western cultures and communities, it is a norm for family members 
or community leaders to play a significant role in individuals’ decision-making (Marshall, 
2007; Marshall 2005). In fact, collective consent is endorsed and preferred to individual 
consent in some of these communities (Hudson, 2009; Canadian Institute of Health 
Research et al., 2018). Respecting local customs and cultures by seeking approval from the 
appropriate community leaders to implement drones for health projects is normatively 
considered to be the ethical way to implement public health initiatives (Canadian Institute 
of Health Research et al., 2018; Council for International Organizations of Medical 
Sciences & World Health Organization, 2016; Hudson et al., n.d.; National Health and 
Medical Research Council, 2018; Nuffield Council on Bioethics, 2007). The question 
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arises though on whether seeking consent only from community leaders or household 
leaders is appropriate and acceptable in drone for health program implementation. 
Certainly, this merits further consideration.  
Global health ethics pays attention to the power imbalances between public health 
practitioners and local community members (Pinto & Upshur, 2013). This includes the 
need for global health ethics to focus on the power imbalances within communities 
themselves such as those between community gatekeepers and members (Brear, 2018; 
Powers, n.d.; Kuponiyi, 2008; United Nations Centre for Human Settlements (Habitat) 
Nairobi, 1988). Working with traditional and elected leaders presents its own ethical 
challenges related to the power imbalance between community gatekeepers and 
community members. Community leaders have the moral obligation to make decisions 
with the best interest of the community and to protect their community members (Tindana 
et al., 2011; Vreeman et al., 2012). This means that these community leaders and even 
health staff in the community may “nudge” community members to agree to participate in 
drones for health projects to improve the individuals’ health outcomes. The act of nudging 
does not align with the principle of informed consent (Chwang, 2015; Ploug & Holm, 2015; 
Simkulet 2018a; Simkulet, 2017). Nudging does not provide individuals with the whole 
truth, can result in undue influence or coercion, manipulate individuals by exploiting their 
cognitive biases, and takes advantage of the power imbalance between the individuals and 
the messenger (Blumenthal-Barby & Burroughs, 2012; Chwang, 2015; Ploug & Holm, 
2015; Simkulet 2018a; Simkulet, 2017). 
Community leaders may hold more power than others in the community allowing them to 
influence and even make decisions on behalf of the rest of the community (Powers, n.d.; 
Kuponiyi, 2008; United Nations Centre for Human Settlements (Habitat) Nairobi, 1988). 
Community leaders could exercise their symbolic power to convince community members 
to participate in the drones for health projects, which in certain situations feel like coercion 
(Brear, 2018; Graboyes, 2010). Even if individuals in these communities claim to make 
autonomous decisions that are separate from those of the community gatekeepers, it is 
difficult to understand individual agency since this symbolic power is insidious (Brear, 
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2018; Molyneux et al., 2005; Tindana et al., 2006). Third-party coercion by community 
leaders and health staff through nudging and power imbalances can render invalid an 
individual’s consent to participate in these initiatives even though the team or organization 
that is introducing the project did not themselves participate in the coercion (Millum, 2014; 
O’Neil, 2018). Community members may not be able to explicitly disagree with the 
community gatekeepers and instead may provide silent refusals where they do not 
explicitly convey their decisions to avoid conflicts and safeguard the relationships in their 
collectivistic society (Kamuya et al., 2015). Silent refusals reinforce hierarchies and 
complex power relations in decision-making that already exist in these communities 
(Kamuya et al., 2015). This impacts community members’ ability to provide true consent 
to participate in drones for health projects. Though working with community leaders and 
other gatekeepers is both beneficial and respectful, it also poses ethical challenges related 
to the power imbalance between these community gatekeepers and members. Teams 
should learn more about the decision-making process in the local community to understand 
how power is distributed and how much individuals are impacted by the power dynamics 
within the communities. This could help teams understand the moral obligations traditional 
leaders and third-parties have and develop strategies to relieve third party pressure to gain 
true informed consent from individuals. 
Respecting local customs and values is understood to be very important in both global 
health and global health research (Canadian Institute of Health Research et al., 2018; 
Council for International Organizations of Medical Sciences & World Health 
Organization, 2016; Hudson et al., n.d.; National Health and Medical Research Council, 
2018; Nuffield Council on Bioethics, 2007; Pinto & Upshur, 2013). This also accords with 
the observation made in this study that understanding and operating within local 
communities’ culture and religion is key to successfully implementing drones for health 
projects. By respecting local cultures and religions, global health practitioners can foster 
solidarity, a key value of global health work and ethics (Benatar et al., 2003; Pinto & 
Upshur, 2013). At the same time, risks of certain inequalities being deepened if 
consultations fail to grant decision-making power to anyone but leaders in an affected 
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population must be considered. Teams responsible for introducing drones for health should 
seek to understand how individuals in communities where they are working make decisions 
and whether these decisions truly reflect their wishes. It is important to understand the 
particularities of local cultures and religions as local cultures and religions have the ability 
to influence individuals’ health, moral decision-making, and community structures 
(Chatters, 2000; Dutta, 2014; Miller, 2014). Doing this groundwork to understand local 
cultural norms will also help global health practitioners develop strategies to mitigate 
problems that arise due to nudging and coercion while respecting the local customs and 
codes of practices. No assumptions can be made about universal best practices for 
obtaining consent in communities where drones for health programs are being introduced. 
It is clear from this study that implementing teams are often facing time pressures, and do 
not include cultural experts such as local anthropologists, to support their understanding 
and navigation of local decision-making and ethical or belief systems. Integrating such 
trained individuals or cultural navigators into drones for health teams could be considered 
by teams moving forward. 
Connected to challenges based on limited familiarity with target populations’ cultural 
norms, one of the challenges that emerges in this study’s data has to do with obtaining 
informed consent from individuals in the community to implement these drones for health 
projects. Obtaining informed consent was described by participants as both a practical and 
ethical challenge. Echoing Resnik and Eliott (2019), some participants acknowledged that 
obtaining informed consent could be cumbersome and even impossible due to the large 
number of people that are affected by the drones for health projects. The findings from this 
study are also consistent with Resnik and Eliott’s (2019) findings as participants reported 
challenges with contacting local community members as local community members were 
at work, not in town, or were busy when participants went to the community to introduce 
the drones for health projects.      
Individual consent is normatively understood in medical and research ethics as an 
enactment of a core respect for persons (Canadian Institute of Health Research et al., 2018; 
Council for International Organizations of Medical Sciences & World Health 
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Organization, 2016; World Medical Association, 2018). Such conceptions of decision-
making and choice, however, if enshrined in best practice guidelines for the introduction 
of drones for health programs, could be seen as culturally insensitive in these collectivistic 
societies that place importance on decision-making that benefits the group as a whole 
(Hanssen, 2004; Oguz, 2003). It is unclear to what extent failing to obtain individual 
consent for drones for health programs should be considered ethically problematic. 
Obtaining consent was also an ethical challenge since teams were using different consent 
practices within and between projects—this undermines an individual’s autonomy, one of 
the key principles of global health ethics (Beauchamp & Childress, 2009). While some 
individuals were given the opportunity to understand the project and accept both the risks 
and benefits of the project, others were not. Given that people leading really similar drone 
public health projects categorize it differently (research project versus public health 
initiatives), there appears a need for more discussion as to how these innovative drone 
technology projects should be categorized in order to better determine teams’ 
responsibilities to engage in individual informed consent processes. If drones for health 
programs are categorized as public health initiatives instead of research projects, then there 
may be exceptions to obtaining individuals’ consent. Obtaining informed consent from 
individuals for many public health interventions is not always expected or required, and it 
may not always be feasible, or appropriate (Berg, 2012; Nuffield Council on Bioethics, 
2007; Public Health Ontario, 2012). Furthermore, there are ethical concerns related to 
respecting an individual’s autonomy as it may undermine the benefits to the greater society 
(Berg, 2012; Cawthorne & Wynsberghe, 2020; Public Health Ontario, 2012). To determine 
whether informed consent is required for public health initiatives, some of the following 
issues must be considered: whether the intervention is applied at the community or 
individual level; whether the intervention involves routine surveillance activity or non-
routine surveillance activity; and whether the intervention impedes an individual’s 
autonomy or poses minimal risks to individuals (Berg, 2012; Nuffield Council on 
Bioethics, 2007; Public Health Ontario, 2012). Determining the necessity of consent for 
public health interventions is rarely straightforward and requires stakeholders to accurately 
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define the public health intervention and understand how it impacts individuals and the 
population as a whole (Berg, 2012; Nuffield Council on Bioethics, 2007; Public Health 
Ontario, 2012).   
If informed consent is not required, it is still important to share information about the 
intervention to the general public (Berg, 2012; Public Health Ontario, 2012). Disclosing 
information about the public health initiative is crucial in protecting individuals’ autonomy 
as it may provide them an opportunity to opt-out or seek alternative care if possible (Berg, 
2012). Information disclosure about the public health intervention may improve 
individuals’ compliance with health intervention, increase individuals’ trust, and allow 
individuals to prepare and take steps to minimize possible breach of confidentiality (Berg, 
2012; Mann et al., 2016). Democratic, transparent decision-making procedures can help 
balance the interest of individuals and communities (Nuffield Council on Bioethics, 2007). 
In certain cases, it has been recognized that community engagement or community 
consultation can act in lieu of individual’s informed consent (Berg, 2012; Public Health 
Ontario, 2012; Resnik & Eliott, 2019). Ideally, the use of community engagement 
processes provides some opportunity for communities to be involved during the decision-
making process of public health interventions (Berg, 2012; Public Health Ontario, 2012). 
5.2 Closing Remarks 
This study shows various ethical and practical challenges of introducing drones for 
healthcare projects into diverse communities around the world. Its qualitative methods 
support the observation made by Godard et al. (2019) stating that global health ethics must 
rely on tactile modes of knowing which involves engaging with communities, instead of 
passively conforming to existing guidelines. The findings from this thesis suggests that the 
prescriptive key principles that currently govern global health ethics and even global health 
research ethics may need to be tailored and adapted to the community these global health 
practitioners are working in.  
Global health ethics aims to use a critical perspective to reflect on the global health work 
being done in order to identify and mitigate the social implications of these actions and any 
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potential risks and consequences that stakeholders need to bear as a result of these global 
health initiatives (Benatar et al., 2003; Pinto & Upshur, 2013). The experiences shared by 
drone implementers in the context of this study indicate that community engagement is key 
to elucidating the cultural, social, political, and ethical complexities of particular contexts 
that may impact the adoption of the drone technology for healthcare. Ethical drone 
implementation, where what constitutes ethical implementation is defined in partnership 
with stakeholders in implementation settings, requires identifying perceived benefits, risks, 
and challenges for varying settings (Nouvet et al., 2019). Identifying these contextual 
differences is crucial for facilitating the context-appropriate implementation of this 
technology, building trust with, and gaining acceptance from community members to use 
drones for healthcare delivery. It is only in dialogue with impacted populations that drone 
implementers can understand how this technology may or may not challenge human 
dignity and integrity, what impact it will have on the distribution of healthcare in the eyes 
of local stakeholders, how these programs may challenge relevant laws, and whether it 
contests religious, social, or cultural conviction (Hofmann, 2005). By involving 
communities in this process, ethical and social values can be elicited into the health 
technology assessment process. If done thoughtfully, and with an eye to including a range 
of representatives from impacted populations, doing so would enact respect for diverse 
societal values, but also increase legitimacy and breadth of perspectives when identifying 
and selecting new technologies (Bombard, Abelson, Simeonov & Gauvin, 2011; Pichon-
Riviere, Soto, Augustovski, Garcia-Marti & Sampietro-Colom, 2017). Furthermore, by 
developing drones for health programs that are informed by local communities’ culture and 
faith can improve community members’ acceptance of the project, and thereby, the success 
of the project.  
5.3 Recommendations    
As noted in Chapter 2, there exists no guidance to support the ethical use of drones for 
health. Towards contributing to the development of such guidance, a number of 
recommendations derived from analysis of challenges identified by participants in this 
study are presented below.  
 
 
 
88 
1. Given that people leading really similar drone public health projects categorize it 
differently (research project versus public health initiatives, there appears a need 
for more discussion as to how these innovative drone technology projects should 
be categorized in order to better determine teams’ responsibilities to engage in 
individual informed consent processes. A document could be produced that 
explicitly outline the activities that require consent so that all teams are consistent 
with their informed consent process.  
2. If informed consent is needed, a protocol should be developed by drone teams in 
collaboration with stakeholders such as government officials, local research ethics 
board, non-governmental organizations, and traditional leaders to support informed 
consent processes. It may make sense for teams working on drone for health 
projects to develop a workshop to train community gatekeepers so that they are able 
to inform and seek consent from local community members about the drones for 
health projects. This will minimize the disruption caused by the teams going into 
communities and may increase the awareness of the program as the community 
gatekeepers will have more contact with the local community members compared 
to drone teams.  
3. Teams should learn more about the decision-making process in the local 
community to understand how power is distributed and how much individuals are 
impacted by the power dynamics within the communities. This could help teams 
understand the moral obligations traditional leaders and third-parties have and 
develop strategies to relieve third party pressure to gain true informed consent from 
individuals. 
4. Teams may have limited understanding related to norms of community decision-
making. To make teams more culturally competent, teams could include individuals 
from local communities in their team to navigate the local culture and religion.  
5. It is important that individuals entering communities to introduce drones for health 
projects stay alert to responses that are not clear expressions of approval and 
consent. Where there is silence, or a response “do what you want”, or any other 
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lack of clear signal the community is onboard cannot be taken as a satisfactory 
replacement for community acceptance and further discussion may be needed.  
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6 Conclusion 
6.1 Conclusion 
Peckham and Sinha describe that there is an urgent need to develop a “drone theory in 
global health” to better understand the social, political, and ethical implications of this 
technology (Peckham & Sinha, 2019). This study responds to that call. It provides a unique 
snapshot of the ethical and practical challenges faced by front line staff who introduce 
drones for health projects to communities in rural and underserved areas. By presenting the 
ethical and practical challenges of these drones for health projects and how participants 
and their drone teams overcame these challenges, this thesis provides an initial series of 
considerations that can support the development of global guidance for the introduction 
and implementation of future drones for health projects.  
This study emphasizes the need to stray away from passively following existing guidelines 
and the need to work with communities to contextualize the moral reasoning of global 
health ethics at the local level. An important contribution of this thesis is its surfacing of a 
lack of clarity and consistency in implementers’ approaches to the issue of community and 
individual informed consent for drone for health projects. Brought to attention in this thesis 
for the first time in the context of drones for health, to the best of my knowledge, is the 
question of whether informed consent is required for public health initiatives. Indeed, the 
need or lack of need for informed consent hinges on participants’ and their drone teams’ 
categorization of these drones for health projects as research or public health initiatives. 
This thesis opens up a discussion that merits further consideration and inter-sectoral 
deliberation on the appropriateness of informed consent in the context these drones for 
health projects are taking place in. Informed consent is based on the Global West’s ethical 
principle of autonomy, which can be seen as culturally insensitive in some of these 
communities. This highlights the need to reconsider how to adapt current principles of 
global health ethics to align with the moral values of the community these projects are 
being implemented in. This will ensure that the local community’s customs and values are 
respected by drone teams.  
 
 
 
91 
In some communities, collective consent is preferred to an individual’s informed consent. 
However, the power inequalities between community gatekeepers and community 
members may lead to nudging and third-party coercion. Collective consent could 
inadvertently reinforce hierarchies and power imbalance that already exist in these 
communities. Drone teams need to identify strategies to address these issues and manage 
competing ethical responsibilities of respecting local customs while also respecting 
individual autonomy.    
This thesis emphasizes the need for community engagement as it provides local 
communities an opportunity to be the champions of these drones for health projects. 
Community engagement is both an ethical and practical imperative of doing global health 
work. Participants themselves have reported that they were able to overcome some of the 
ethical and practical challenges they faced by utilizing community engagement initiatives. 
Informing, involving, and collaborating with local communities provides an opportunity 
for drone teams to describe the projects to the communities, answer any questions they 
have, and tailor these projects to the needs of the community. Community engagement can 
inform drone teams on how to ethically implement these drones for health projects. 
Community engagement not only improves acceptance of the project, but also makes it 
easier in the future to transfer the ownership of the project to the local communities.  
Due to the novelty of this technology in the healthcare context, most of the drones for 
health projects that were explored in this thesis were in the pilot stage of the project where 
stakeholders were testing the feasibility of implementing drones for healthcare delivery. 
This was a limitation as the ethical and practical concerns described in this study by 
participants were limited to those that occurred during the pilot phase. Future studies 
should explore the ethical and practical concerns, challenges, and complexities that arise 
in other stages of the drones for health projects to better understand the various social and 
ethical implications of these drones for health projects.  
Drone technology is outpacing the FAA’s attempt to integrate drones into the national 
airspace system (Damon, 2017). It has been identified both by this study and prior literature 
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that regulations and negotiating rights to fly is a common barrier to initiating and 
accelerating healthcare-related drone projects (Amukele, 2019; Peckham & Sinha, 2019). 
However, the lack of flight regulations is not the only issue participants are facing, 
participants reported that the lack of guidelines specific to the use of drones in the 
healthcare context is also a problem. In fact, existing literature itself highlights limited 
guidelines available describing the use of drones in the context of healthcare delivery to 
employ drones responsibly and ethically (UAV Code, n.d.). Due to this, organizations such 
as WeRobotics relying on adapt guidelines created for the humanitarian context when 
initiating projects that use drones for healthcare (WeRobotics, 2018).  
For future projects, it is recommended to use evidence generated from this study to draft a 
global guidance document on key practical, ethical, and legal considerations for the 
implementation of drones for healthcare projects. This global guidance should be 
developed in collaboration with key stakeholders such as drone teams, private sectors, and 
government. We also recommend that drone teams work with elected and traditional 
community leaders to further tailor this global guidance to develop context-specific 
guidelines that meet the needs of the local community. The guidelines and the global 
guidance developed based on the findings from this study will need to be re-evaluated and 
adapted on an ongoing basis to meet the needs and gaps identified by stakeholders that 
emerge after the implementation of these guidelines in these local contexts.   
Global guidance should include guidance on developing consistent context-appropriate 
consent processes. This will ensure that informed consent processes are consistent within 
and between projects. Additionally, global guidance can underline the core importance of 
community engagement. Such engagement is key, as participants asserted, to identifying, 
understanding, but also importantly learning how to mitigate any context-specific 
concerns in ways that are satisfactory ideally to engaged community members. Guidance 
could outline a framework for organizing community engagement initiatives that are 
context-appropriate, and cautious to respect local cultural and social norms. Finally, global 
guidance may also underline the importance of regulatory supports such as the need for 
healthcare-specific drone regulations and their development at the local level.  
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There is no doubt that a further step must be to study the extent to which challenges and 
strategies identified by those on the front lines of implementing drones for health resonate 
with the communities in which they are doing so. It is only through such gathering and 
analysis of perspectives, that we can advance awareness of ethical and social implications 
of drones for health projects. Identifying similarities and differences in challenges and 
complexities faced in distinct settings by those on the front lines of these technologies, 
whether as drone operators, project managers, community leaders, or community members 
in non-leadership positions, that the industry, countries, and potentially sub-national 
entities such as communities or regional authorities can develop ethical guidelines and 
regulations that are realistic and effective.  
 
 
 
 
 
 
 
 
 
94 
References  
Abrahamsen, H. B. (2015). A remotely piloted aircraft system in major incident 
management: concept and pilot, feasibility study. BMC Emergency Medicine, 15, 
1-12.  
Alrashdi, I. & Al Qasmi, A. (2012). Staff perception of relative importance of quality 
dimensions for patients at tertiary public services in Oman. Oman Medical Journal, 
27, 396-401.   
Alvial-Palavicino, C., Garrido-Echverria, N., Jimenez-Estevez, G., Reyes L., & Palma-
Behnke, R. (2011). A methodology for community engagement in the introduction of 
renewable based smart microgrid. Energy for Sustainable Development, 15, 314-323.  
Amukele, T. (2019). Current state of drones in healthcare: challenges and opportunities. 
The Journal of Applied Laboratory Medicine,4, 296-298.  
Applin, S. A. & Fischer, M. D. (2015). New technologies and mixed-use convergence: 
How humans and algorithms are adapting to each other. Proceedings from IEEE 2015:  
International Symposium on Technology and Society. Dublin, Ireland.   
Bailey, S. (2020). Drones could help fight coronavirus by air-dropping medical supplies. 
Retrieved from https://edition.cnn.com/2020/04/28/tech/zipline-drones-coronavirus-
spc-intl/index.html 
Bandewar, S. V. S., Wambugu, F., Richardson, E., & Lavery, J. (2017). The role of 
community engagement in the adoption of new agricultural biotechnologies by 
farmers: The case of the African harvest tissue-culture banana in Kenya. BMC 
Technology, 17, 1-11.  
Benatar, S. R., Daar, A. S., & Singer, P. A. (2003). Global health ethics: the rationale for 
mutual caring. International Affairs, 79, 107-138.  
 
 
 
95 
Beauchamp, T. L. & Childress, J. F. (Ed.). (2009). Principles of biomedical ethics. New 
York, NY: Oxford University Press.   
Benton, A., Sangaramoorthy, T., & Kalofonos, I. (2017). Temporality and Positive Living 
in the Age of HIV/AIDS--A Multi-Sited Ethnography. Current Anthropology, 58, 
454-476. 
Berg, J. W. (2012). All for one and one for all: Informed Consent and Public Health. 
Faculty Publications, 14, 1-40.  
Bhutta, Z. A. (2004). Beyond informed consent. Bulletin of the World Health Organization, 
82, 771-777.  
Blumenthal-Barby, J. S., & Burroughs, H. (2012). Seeking better healthcare outcomes: The 
ethics of using the “nudge”. The American Journal of Bioethics, 12, 1-10.  
Bombard, Y., Abelson, J., Simeonov D., & Gauvin, F. (2011). Eliciting ethical and social 
values in health technology assessment: A participatory approach. Social Science and 
Medicine, 73, 135-144.  
Boucher, P. (2016). 'You wouldn't have your granny using them': Drawing boundaries 
between acceptable and unacceptable applications of civil drones. Science and 
Engineering Ethics, 22, 1391-1418.  
Brear, M. (2018). Ethical research practice or undue influence? Symbolic power in 
community- and individual-level informed consent processes in community-based 
participatory research in Swaziland. Journal of empirical research on human 
research ethics, 13, 311-322. 
Canadian Institute of Health Research, Natural Science and Engineering Research Council 
of Canada, & Social Sciences and Humanities Research Council. (2018). Tri-
Council Policy Statement: Ethical Conduct for Researching Involving Humans. 
Retrieved from https://ethics.gc.ca/eng/documents/tcps2-2018-en-interactive-
final.pdf 
 
 
 
96 
Cawthorne, D. & Wynsberghe, A. R. (2020). An ethical framework for the design, 
development, implementation, and assessment of drones used in public healthcare. 
Science and Engineering, 1-25. 
Chatters, L. M. (2000). Religion and health: Public health research and practice. Annual 
Review of Public Health, 21, 335-367.  
Chwang, E. (2015). On nudging and informed consent. The American Journal of Bioethics, 
15, 41-42.  
Claesson, A., Fredman, D., Svensson, L., Ringh, M., Hollenberg, J., Nordberg, P., 
Rosenqvist, M., Djarv, T., Österberg, S., Lennartsson, J., & Ban Y. (2016). Unmanned 
aerial vehicles (drones) in out-of-hospital-cardiac-arrest. Scandinavian Journal of 
Trauma, Resuscitation and Emergency Medicine, 24, 1–9.  
Claesson, A., Svensson, L., Nordberg, P., Ringh, M., Rosenqvist, M., Djarv, T., 
Samuelsson, J. Hernborg, O., Dahlbom, P., Jansson, A., & Hollenberg, J. (2017a). 
Drones may be used to save lives in out of hospital cardiac arrest due to drowning. 
Resuscitation, 114, 152–156.  
Claesson, A., Bäckman, A., Ringh, M., Svensson, L., Nordberg, P., Djärv, T., & 
Hollenberg. (2017b). Time to Delivery of an Automated External Defibrillator Using 
a Drone for Simulated Out-of-Hospital Cardiac Arrests vs Emergency Medical 
Services. The Journal of Americal Medical Association, 317, 2332–2334. 
Clark, D. G., Ford, J. D., & Tabish, T. (2018). What role can unmanned aerial vehicles play 
in emergency response in the Arctic: A case study from Canada. PLOS ONE, 13, 1-
16.  
Cohen, J. (2007). Drone spy plane helps fight California fires. Science, 318, 727-727. 
Council for International Organizations of Medical Sciences., & World Health 
Organization. (2016). International Ethical Guidelines for Health-Related Research 
 
 
 
97 
Involving Humans, Fourth Edition. Geneva: CIOMS.    
Cousins, S. (2016). Condoms by drones: A new way to get birth controls to remote areas. 
National Public Radio. Retrieved from 
https://www.npr.org/sections/goatsandsoda/2016/05/19/478411186/condoms-by-
drone-a-new-way-to-get-birth-control-to-remote-areas 
Dahl, J. Y. & Saetnan, A. R. (2009). "It all happened so slowly"- On controlling function 
creep in forensic DNA databases. International Journal of Law, Crime, and Justice, 
37, 83-103.  
Damon, W. D. (2017). Drone away: Bombs, photographs, pizzas, hearts, and headaches. 
The Brief, 46, 46-54. 
Dayananda, K. R., Gomes, R., & Straub, J. (2017). An interconnected architecture for an 
emergency medical response unmanned aerial system. IEEE, 1-6. 
Demster, B. (2012). Data ownership evolves with technology. Journal of AHIMA, 83, 52-
59.  
D’Onfro, J. (2014). Meet The Startup That’s Using Drones To Change The World. 
Business Insider. Retrieved from https://www.businessinsider.com/matternet-uav-
delivery-drones-2014-11 
Drone Delivery Canada (2018). Drone Delivery Canada signs $2.5 million commercial 
agreement with Moose Cree First Nation to deploy DDC’s Drone Delivery Platform. 
Retrieved from http://dronedeliverycanada.com/resources/drone-delivery-canada-
signs-2-5-million-commercial-agreement-with-moose-cree-first-nation-to-deploy-
ddcs-drone-delivery-platform/ 
Dutta, M. J. (2014). Culture-centred approaches. In T. L. Thompson (Eds), Encyclopedia 
of health communication. SAGE Publications, Inc. 
http://dx.doi.org.proxy1.lib.uwo.ca/10.4135/9781483346427.n110 
 
 
 
98 
Edoh, T. (2018). Risk Prevention of Spreading Emerging Infectious Diseases Using a 
HybridCrowdsensing Paradigm, Optical Sensors, and Smartphone. Journal of 
Medical Systems, 42, 1-14.  
Ellabban, O. & Abu-Rub, H. (2016). Smart grid customers' acceptance and engagement: 
An overview. Renewable and Sustainable Energy Reviews, 65, 1285-1298.  
Emmanuel, E. J., Wendler, D., Killen, J., & Grady, C. (2004). What makes clinical research 
in developing countries ethical? The benchmarks of ethical research. The Journal of 
Infectious Disease, 189, 930-937. 
Federal Aviation Administration. (2019a). Community engagement toolkits. Retrieved 
from https://www.faa.gov/uas/resources/community_engagement/  
Federal Aviation Administration. (2019b). Recreational flyers & modeler community-
based organizations. Retrieved from 
https://www.faa.gov/uas/resources/community_engagement/ 
Fieldstadt, E.  (2015). Case dismissed against William H. Meredith, Kentucky man arrested 
for shooting down a drone. Retrieved from https://www.nbcnews.com/news/us-
news/case-dismissed-against-william-h-merideth-kentucky-man-arrested-
shooting-n452281 
Finn, R. L., & Wright, D. (2016). Privacy, data protection and ethics for civil drone 
practice: A survey of industry, regulators and civil society organisations. Computer 
Law & Security Review, 32, 577-586.  
Finn, R. L., & Wright, D. (2012). Unmanned aircraft systems: Surveillance, ethics and 
privacy in civil applications. Computer Law & Security Review, 28, 184-194.  
Finn, R. L., Wright, D. & Friedewald, M. (2013). Seven types of privacy. In Gutwrith, S., 
Leenes, R., de Hert, P., & Poullet, Y. (Eds.), European Data Protection: Coming of 
Age (3-33). London: Springer-Verlag.  
 
 
 
99 
Flahault, A., Geissbuhler, A., Guessous, I., Guérin, P. J., Bolon, I., Salathé, M., & Escher, 
G. (2017). Percision global health in the digital age. Swiss Medical Weekly, 147, 1-5.  
 
Fondation Suisse de Déminage. (2016). Case study no. 2: Delivery- using drones for 
medical payload delivery in Papua New Guinea. Retrieved from 
https://reliefweb.int/sites/reliefweb.int/files/resources/2%20Case-Study-No2-
PapuaNewGuinea.pdf 
Fornace, K. M., Drakeley, C. J., William, T., Espino, F., & Cox, J. (2014). Mapping 
infectious disease landscapes : unmanned aerial vehicles and epidemiology. Trends in 
Parasitology, 30, 514–519.  
Gardner, T. (2016). Drone-delivered health care in rural Appalachia. The Clinical Advisor: 
For Nurse Practitioners, 19, 18-23.   
Gault, M. (2020). Arizona cops use drone surveillence to arrest protesters. Retrieved from 
https://www.vice.com/en_ca/article/5dzdeq/arizona-cops-use-drone-surveillance-to-
arrest-protesters 
Gevaert, C. M., Sliuzas, R., Persello, C., & Vosselman, G. (2018). Evaluating the societal 
impact of using drones to support urban upgrading projects. International Journal of 
Geo-Information, 7, 1-15.  
 
Glaser, A. (2020). Homeless people are at risk from the coronavirus. Police have a 
contentious solution: Drones. Retrieved from 
https://www.nbcnews.com/tech/security/homeless-people-are-risk-coronavirus-
police-have-contentious-solution-drones-n1191866 
Godard, B., Haddad, S., Huish, R., & Weinstock, D. (2018). Introduction to ethics and 
global health. BMC Medical Ethics, 19, 1-3.  
 
 
 
100 
Gomez, R., Reed, P., & Chae, H. Y. (2013). Assessment of community wellness outcomes 
to measure ICT impact. Proceedings of the Sixth International Conference on 
Information and Communication Technologies and Development: Notes. Cape Town, 
South Africa: ACM.     
González, C. P., Vazquez, I. I., González, J. A. C., Buhse, T., & Arias-Estrada, M. (2017). 
Electronic Devices That Identify Individuals with Fever in Crowded Places : A 
Prototype. Micromachines, 8, 1-5.    
Government of Canada. (2019). New rules for drones in Canada. Retrieved from 
https://www.tc.gc.ca/en/services/aviation/drone-safety/new-rules-drones.html 
Graboyes, M. (2010). Fines, orders, fear…and consent? Medical research in East Africa, 
C. 1950s. Developing world bioethics, 10, 34-41.  
Hainsworth, J. (2019). Vancouver police adding drones to crime prevention arsenal. 
Retrieved from https://www.vancouverisawesome.com/2019/05/24/drones-crime-
prevention-police-vancouver/ 
Hanssen, I. (2004). An intercultural nursing perspective on autonomy. Nursing ethics, 11, 
28-41. 
Harnett, B. M., Doarn, C. R., Rosen, J., Hannaford, B., Broderick, T. J. (2008). Evaluation 
of unmanned airborne vehicles and mobile robotic telesurgery in an extreme 
environment. Telemedicine journal and e-health, 14, 539-544.   
Health Canada. (2014). A Statistical Profile on the Health of First Nations in Canada: 
Determinants of Health, 2006-2010. Ottawa, ON: Ministry of Health. 
Healthcare IT News Australia. (2018). Puerto Rico piloting drones to deliver emergency 
medical supplies. Healthcare IT News. Retrieved from 
https://www.healthcareitnews.com/news/puerto-rico-piloting-drones-deliver-
emergency-medical-supplies 
 
 
 
101 
Heeks, R. (2017). Information and communication technology for development. London, 
UK: Routledge.  
Hiebert, B., Nouvet, E., Jeyabalan, V., & Donelle, L. (2020). The Application of Drones 
in Healthcare and Health-Related Services in North America: A Scoping Review. 
Drones, 4, 1-17.  
Hern, A. (2016). Amazon claims first successful Prime Air drone delivery. The Guardian. 
Retrieved from https://www.theguardian.com/technology/2016/dec/14/amazon-
claims-first-successful-prime-air-drone-delivery 
Hofmann, B. (2005). Toward a procedure for integrating moral issues in health technology 
assessment. International Journal of Technology Assessment in Health Care, 21, 
312-318.  
Hudson, M., Milne, M., Reynolds, P., Russell, K., & Smith, B. (n.d.). Te Ara Tika: 
Guidelines for Maori research ethics: A framework for researchers and ethics 
committee members. Health Research Council of New Zealand.  
Jain, T., Sibley, A., Stryhn, H., & Hubloue, I. (2018a). Comparison of unmanned aerial 
vehicle technology versus standard practice in identification of hazards at a mass 
casualty incident scenario by primary care paramedic students. Disaster Medicine 
and Public Health Preparedness, 12, 631–634.  
Jain, T., Sibley, A., Stryhn, H., & Hubloue, I. (2018b). Comparison of unmanned aerial 
vehicle technology-assisted triage versus standard practice in triaging casualties by 
paramedic students in a mass-casualty incident scenario. Prehospital and Disaster 
Medicine, 33, 375–380.  
Jegillos, S. (2017). Drones join the fight against climate change risks in the Maldives. 
Retrieved from http://www.undp.org/content/undp/en/home/blog/2017/2/10/Using-
drones-to-address-climate-change-risks-in-the-Maldives.html 
 
 
 
102 
Kamuya, D. M., Theobald, S. J., Marsh, V., Parker, M., Geissler, W. P., & Molyneux, S. 
C. (2015). “The One Who Chases You Away Does Not Tell You Go”: Silent Refusals 
and Complex Power Relations in Research Consent Processes in Coastal Kenya. 
PLOS ONE, 10(5), e0126671. https://doi.org/10.1371/journal.pone.0126671 
Kass, N. , & Hyder, A. (2001). Attitudes and experiences of U.S. and developing country 
investigators regarding U.S. human subjects regulations. In: Ethical and Policy Issues 
in International Research: Clinical Trials in Developing Countries, Vol I, II. Bethesda, 
MD: National Bioethics Advisory Commission; B-1-220. 
Katariya, M., Chung, D., Chung, K., Minife, T., Gupta, H., Alifa, A., … Ng, T. W. (2018). 
Drone inflight mixing of biochemical samples. Analytical Biochemistry, 545, 1–3.  
Kesteloo, H. (2019). DJI introduces Phantom 4 Multispectral for precision agriculture and 
land management. Retrieved from https://dronedj.com/2019/09/24/dji-phantom-4-
multispectral/  
King, K. F., Kolopack, P.,  Merritt, M. W., & Lavery, J., V. (2016). Community 
engagement and the human infrastructure of global health research. BMC Medical 
Ethics, 15, 1-6. 
Kindervater, K. H. (2016). The emergence of lethal surveillance: Watching and killing in 
the history of drone technology. Security Dialogue, 47, 223-238.   
Knoblauch, A. M., de la Rosa, S., Sherman, J., Blauvelt, C., Matemba, C., Maxim, L., 
 Defawe, O. D., Gueye, A., Robertson, J., McKinney, J., Brew, J., Paz, E., Small, P. 
M., Tanner, M., Rakotosamimanana, N., & Grandjean Lapierre, S. (2019). Bi-
directional drones to strengthen healthcare provision: Experiences and lessons from 
Madagascar, Malawi and Senegal. BMJ Global Health, 4(4), e001541. 
https://doi.org/10.1136/bmjgh-2019-001541 
 
 
 
103 
Koplan, J. P., Bond, T. C., Merson, M. H., Reddy, K. S., Rodriguez, M. H., Sewankambo, 
N. K., & Wasserheit, J. N. (2008). Towards a common definition of global health. 
Lancet, 373, 1993-1995.       
Kuponiyi, F. A. (2008). Community Power Structure: The role of local leaders in 
community development decision making in Ajaawa, Oyo State, Nigeria. 
Anthropologist, 10, 239-243.  
Laksham, K. B. (2019). Unammed aerial vehicle (drones) in public health: A SWOT 
analysis. Journal of Family Medicine and Primary Care, 8, 342-346.  
Lamb, A. (2016). Drone map saves insurance company €99,985,000. Retrieved from 
https://blog.dronedeploy.com/drone-map-saves-insurance-company-99-985-000-
9c66094a097 
Latif, F. (2017). TELFest: An approach to encouraging the adoption of educaiton 
technologies. Research in learning technology, 25, 1869-1883.  
Latimer, A. J., McCoy, A. M., & Sayre, M. R. (2018). Emerging and Future Technologies 
in Out-of-Hospital Cardiac Arrest Care. Cardiology Clinics, 36, 429–441.  
Leizer, G. K. K. (2018). Possible areas of applications of drones in waste management 
during rail accidents and disasters. Interdisciplinary Description of Complex Systems, 
16, 360-368. 
Levine, J. S., Ambrosia, V., Brass, J. A., Davis, R. E., Dull, C. W., Greenfield, P. H., 
Harrison, F. W., Killough, B. D., Kist, E. H., Pinto, J. P., Stover, G., Tappan, N. D., 
& Wegener, S. S. (2004). Monitoring wildfires using an autonomous aerial system 
(AAS) (M. Bevis, Y. Shoji, & S. Businger, Eds.; pp. 104–120). 
Li, Y. & Liu, C. (2018). Applications of multirotor drone technologies in construction 
management. International Journal of Construction Management, 19, 401-412.  
MacFarland, M. (2020). North Carolina hospital turns to drones to aid Covid-19 
 
 
 
104 
response. Retrieved from https://www.cnn.com/2020/05/28/tech/drones-covid-19-
hospital/index.html 
Maguire, M. & Delahunt, B. (2017). Doing a thematic analysis: A practical step-by-step 
guide for learning and teaching scholars. All Ireland Journal of Teaching and 
Learning in Higher Education, 3 , 33501-33514  
Mann, S. P., Savulescu, J., & Sahakian, B. J. (2016). Facilitating the ethical use of health 
data for the benefit of society: electronic health records, consent and duty of rescue. 
Philosophical Transactions of the Royal Society of London. Series A, 28, 1-17.    
Marshall, P. A. (2007). Ethical challenges in study design and informed consent for health 
research in resource-poor settings. France: WHO.   
Marshall, P. A. (2005). Informed consent in international health research. Journal of 
Empirical Research on Human Research Ethics, 1, 25-42.  
Médecins Sans Frontières. (2014). Innovating to reach remote TB patients and improve 
access to treatment. Retrieved from https://www.msf.org/papua-new-guinea-
innovating-reach-remote-tb-patients-and-improve-access-treatment 
Merchant, R. M., & Groeneveld, P. W. (2017). Neighborhood-Level Disparities in 
Resuscitation and the Potential of Connected Health. Journal of American Medical 
Association, 2, 1118-119.  
Microdrones. (n.d.). Subtle Monitoring With UAVs. Retrieved from 
https://www.microdrones.com/en/industry-experts/security/monitoring/ 
Miller, A. (2014). Religion and spirituality. In T. L. Thompson (Eds), Encyclopedia of 
health communication. SAGE Publications, Inc. 
http://dx.doi.org/10.4135/9781483346427.n455  
Millum, J. (2004). Consent under pressure: The puzzle of third party coercion.  Ethical 
theory and moral practice: An international forum, 17, 113-127.  
 
 
 
105 
Molyneux, C., Wassenaar, D., Peshu, N., Marsh, K. (2005). “Even if they ask you to stand 
by a tree all day, you will have to do it (laughter) . . . !” Community voices on the 
notion and practice of informed consent for biomedical research in developing 
countries. Social Science & Medicine, 61, 443-454. 
Moreno, E. L. (2017). Concepts, definitions and data sources for the study of urbanization: 
The 2030 agenda for sustainable development. Retrieved from 
https://www.un.org/en/development/desa/population/events/pdf/expert/27/papers/II/
paper-Moreno-final.pdf  
Moskowitz, E. E., Siegel-richman, Y. M., Hertner, G., & Schroeppel, T. (2018). American 
Journal of Ophthalmology Case Reports Aerial drone misadventure : A novel case of 
trauma resulting in ocular globe rupture. American Journal of Ophthalmology Case 
Reports, 10, 35–37.  
National Health and Medical Research Council. (2018). Ethical conduct in research with 
Aboriginal and Torres Strait Islander Peoples and Communities: Guidelines for 
researchers and stakeholders. Commonwealth of Australia: Canberra.  
National Telecommunications and Information Administration. (2016). Voluntary best 
practices for UAS Privacy, Transparency, and Accountability. Retrieved from 
https://www.ntia.doc.gov/files/ntia/publications/uas_privacy_best_practices_6-
21-16.pdf 
 
National Telecommunications and Information Administration. (n.d.). About NTIA. 
Retrieved from https://www.ntia.doc.gov/about 
Nouvet, E., Abu-Sada C., DeLaat, S., Wang, C., Schwartz, L. (2016). Opportunities and 
challenges of perceptions studies for humanitarian contexts. Canadian Journal of 
Development Studies. 37, 358-377. 
Nouvet, E. & Schwartz, L. (2017). From the front lines: Trialing research ethics in the time 
 
 
 
106 
of Ebola. Prehospital and Disaster Medicine, 32, 547-547.  
Nouvet, E., Chan, E., & Schwartz, L. (2018). Looking good but doing harm? Nicaraguan 
perceptions of short-term medical missions. Global Public Health, 13, 456-472.  
Nouvet, E., Knoblauch, A. M., Passe, I., Andriamiadanarivo, A., Ravelona, M., 
Ramtariharisoa, F.A.,… Grandjean Lapierre P. (2019). Perceptions of drones, digital 
adherence monitoring technologies and educational videos for tuberculosis control in 
remote Madagascar: a mixed-method study protocol. BMJ Open, 9, 1-8.  
Nuffield Council on Bioethics. (2007). Public Health: Ethical Issues. Cambridge: Nuffield 
Council on Bioethics.  
Nuffield Council on Bioethics. (2002). The ethics of research related to healthcare in 
developing countries. Retrieved from http://nuffieldbioethics.org/wp-
content/uploads/2014/07/Ethics-of-research-related-to-healthcare-in-developing-
countries-I.pdf  
Oguz, N. Y. (2003). Research ethics committee in developing countries and informed 
consent: With special reference to Turkey. Journal of Laboratory Clinical 
Medicine, 141, 292-296.  
O'Mara-Eves, A., Brunton, G., Oliver, S., Kavanagh, J., Jamal, F., & Thomas, J. (2015). 
The effectiveness of community engagement in public health interventions for 
disadvanaged groups: a meta-analysis. BMC Public Health, 15, 1-23.   
O’Neil, C. (2018). Consent in clinical research. In A. Müller & P. Schaber (Eds.), The 
Routledge Handbook of the Ethics of Consent. Routledge: Brixham, UK.  
Papadaki, S. & Dvorsky. J. (2018). Comparative analysis of the perception of the 
advantages and disadvantages of hospital horizontal integration. Ekonomie a 
Management,1, 101-115.    
Peckham, R. & Sinha, R. (2019). Anarchitectures of health: Future for the biomedical 
 
 
 
107 
drone. Global Public Health, 1-16. 
Phillips, K. (2020). Police agencies are using drones to enforce stay-at-home orders, raising 
concerns among civil rights groups. Retrieved from 
https://www.usatoday.com/story/news/politics/2020/05/03/coronavirus-police-use-
drones-enforcement-privacy-concerns/3059073001/ 
Pinto, A.D. & Upshur, R. E. G. (Eds.). (2013). An introduction to global health ethics. New 
York, NY: Routledge.  
Pichon-Riviere, A., Soto, N., Augustovski, F., Garcia-Marti, S., & Sampietro-Colom, L. 
(2017). Involvement of relevant stakeholders in health technology assessment. 
Retrieved from https://htai.org/wp-
content/uploads/2018/02/17038_HTAi_LatinAmForumBackground2017_ENG.pdf 
Ploug, T., & Holm, S., (2015). Doctors, patients, and nudging in the clinical context—four 
views nudging and informed consent. The American Journal of Bioethics, 15, 28-
38.  
Posega, J. M. (2014). A multi-sited examination of pregnancy, birth and women’s 
perceptions of care in Ghana. Retreived from 
https://scholarcommons.sc.edu/cgi/viewcontent.cgi?referer=https://scholar.google
.ca/&httpsredir=1&article=3876&context=etd 
Powers, R. C. (n.d.). Identifying the community power structure. Retrieved from 
http://jonathanstray.com/papers/Identifying_The_Community_Power_Structure.p
df 
Priye, A., Wong, S., Bi, Y., Carpio, M., Chang, J., Coen, M., Cope, D., Harris, J., Johnson, 
J., Keller, A., Lim, R., Lu, S., Millard, A., Pangelinan, A., Patel, N., Smith, L., 
Chan, K., & Ugaz, V. M. (2016). Lab-on-a-Drone: Toward pinpoint deployment of 
smartphone-enabled nucleic acid-based diagnostics for mobile health care. 
Analytical Chemistry, 88, 4651–4660.  
 
 
 
108 
Public Health Ontario. (2012). A framework for the ethical conduct of public health 
initiatives. Retrieved from https://www.publichealthontario.ca/-
/media/documents/F/2012/framework-ethical-conduct.pdf?la=en 
Reeves, S., McMillan, S. E., Kachan, N., Paradis, E., Leslie, M., & Kitto, S. (2014). 
Interprofessional collaboration and family member involvement in intensive care 
units: emerging themes from a multi-sited ethnography. Journal of 
Interprofessional Care, 29, 230-237. 
Resnik, D. B. & Elliott, K. C. (2019). Using drones to study human beings: Ethical and 
regulatory issues. Science and Engineering Ethics, 25, 707-718.   
Reuters. (2020). Chilean seniors look to the sky for medicine and masks. Retrieved from 
https://uk.reuters.com/article/health-coronavirus-chile-drone/chilean-seniors-look-
to-the-sky-for-medicine-and-masks-idUKL1N2C817V 
Reynolds, L. & Sariola, S. (2018). The ethics and politics of community engagement in 
global health research. Critical Public Health, 28, 257-268.  
Righetti, F., Vallati, C., & Anastasi, G. (2018). IoT applications in smart cities: A 
perspective into social and ethical issues. Proceedings from IEEE 2018:  International 
Conference on Smart Computing. Taromina, Italy.   
Rosen, J. W. (2017). Zipline’s ambitious medical drone delivery in Africa. MIT Technology 
Review. Retrieved from https://www.technologyreview.com/s/608034/blood-from-
the-sky-ziplines-ambitious-medical-drone-delivery-in-africa/ 
Roberts, K., Dowell, A., & Nie, J.-B. (2019). Attempting rigour and replicability in 
thematic analysis of qualitative research data; a case study of codebook development. 
BMC Medical Research Methodology, 19(1), 66. https://doi.org/10.1186/s12874-019-
0707-y 
Sachan, D. (2016). The age of drones: What might it mean for health? The Lancet, 
 
 
 
109 
387(10030), 1803–1804. https://doi.org/10.1016/S0140-6736(16)30361-0 
Scalea, J. R., Pucciarella, T., Talaie, T., Restaino, S., Drachenberg, C. B., Alexander, C., 
Qaoud, T. A., Barth, R. N., Wereley, N. M., & Scassero, M. (2019). Successful 
implementation of unmanned aircraft use for delivery of a human organ for 
transplantation. Annals of Surgery, Publish Ahead of Print.  
Scheil-Adlung, X. (2015). Global evidence of inequities in rural health protection. New 
data on rural deficits in health coverage for 174 countries. Retrieved from 
https://www.social-
protection.org/gimi/gess/RessourcePDF.action;jsessionid=9s90YfFfUyRnQzT-
29sYV_lUnofXTxtgG5_g0nhTKYU7Q-Qws0uh!1531828256?id=51297 
Shakhatreh, H., Sawalmeh, A., Al-Fuquah, A., Dou, Z., Alamita, E., Khalil, I., … Guizani, 
M. (2018). Unmanned aerial vehicles: A survey on civil applications and key research 
challenges. Retrieved from 
https://www.researchgate.net/publication/324908300_Unmanned_Aerial_Vehicles_
A_Survey_on_Civil_Applications_and_Key_Research_Challenges 
Sherwood, D. (2020). Chilean Seniors Look to the Sky for Medicine and Masks. Retrieved 
from https://www.usnews.com/news/world/articles/2020-04-20/chilean-seniors-
look-to-the-sky-for-medicine-and-masks 
Simkulet, W. (2018a). Nudging, informed consent and bullshit. Journal of Medical Ethics, 
44, 536-542.  
Simkulet, W. (2018b). Nudging and informed consent. Bioethics, 13, 169-184.  
Solomon, M.Z., Gusmano, M. K., & Maschke, K. J. (2016). The ethical imperative and 
moral challenges of engaging patients and public with evidence. Health Affairs, 35, 
583-589.  
Stahl, B. C., Timmermans, J., & Flick, C. (2017). Ethics of emerging informationa and 
 
 
 
110 
communication technologies. Science and Public Policy, 44, 369-381.  
Stapleton, G., Schröder-Bäck, P., Laaser, U., Meershoek, A., & Popa, D. (2014). Global 
health ethics: An introduction to prominent theories and relevant topics. Global 
Health Action, 7, 1-7.  
Subbaro, I., & Paul, G. P. (2015). Drone-based telemedicine: A brave but necessary new 
world. The Journal of the American Osteopathic Association, 115, 700-701.  
Suh, J. & Choi, Y. (2017). Mapping hazardous mining-induced sinkhole subsidence using 
unmanned aerial vehicle (drone) photogrammetry. Environmental Earth Sciences, 76, 
1-12.  
Sunstein C. R., & Thaler, R. H. (2003). Liberal paternalism is not an oxymoron. The 
University of Chicago Law Review, 70, 1159-1202.  
Tabler J., Scammon D.L., Kim J.K., Farrell, T., & Tomoaia- Cotisel, A. (2014). Patient 
care experiences and perceptions of that patient-provider relationship: A mixed 
method study. Patient Experience Journal, 1,75-87.  
Thaler, R. H., Sunstein, C. R., & Balz, J. P. (2013). Choice architecture. In E. Shafir 
(Ed.), The behavioral foundations of public policy (pp. 428-439). Princeton, NJ: 
Princeton University Press. 
Thaler, R. H., & Sunstein, C. (2008). Nudge: Improving decisions about health, wealth, 
and happiness. New Haven, CT: Yale University Press. 
The New York Times. (2018). Taking Visual Journalism Into the Sky With Drones. The 
New York Times. Retrieved from 
https://www.nytimes.com/2018/05/02/technology/personaltech/visual-journalism-
drones.html 
Tindana, P. O., Rozmovits, L., Boulanger, R. F., Bandewar, S. V. S., Aborigo, R. A., 
Hodgson, A. V. O.,…Lavery, J.V. (2011). Aligning community engagement with 
 
 
 
111 
traditional authority structures in global health research: A case study from northern 
Ghana. American Journal of Public Health,  101, 1857-1867.    
Tindana, P. O., Kass, N., Akweongo, P. (2006). The informed consent process in a rural 
African Setting: A case study of the Kassena-Nankana district of Northern Ghana. 
IRB, 28, 1-6. 
Thorne, S. (2016). Intepretive description: Qualitative research for applied practice (2nd 
Ed.). New York, NY: Routledge.    
Thorne, S., Kirkham, S. R., & O’Flynn-Magee, K. (2004). The analytic challenge in 
interpretive description. International Journal of Qualitative Methods, 3, 1–11.  
UAV Code. (n.d.). Code of Conduct. Retrieved from https://uavcode.org/code-of-conduct/ 
UAViators (2016). Humanitarian UAV Code of Conduct & Guidelines. Retrieved from 
https://humanitariandronecode.files.wordpress.com/2017/12/uaviators-code-and-
guidelines.pdf 
UN's Children Fund. (2017). Vanuatu announces drone trial participants to assess vaccine 
delivery in remote islands. Retrieved from 
https://reliefweb.int/report/vanuatu/vanuatu-announces-drone-trial-participants-
assess-vaccine-delivery-remote-islands 
United Nations. (n.d.). Population density and urbanization. Retrieved from 
https://unstats.un.org/unsd/demographic/sconcerns/densurb/densurbmethods.htm 
United Nations Centre for Human Settlements (Habitat) Nairobi. (1988). Community 
leadership and self-help housing. Retrieved from 
http://www.chs.ubc.ca/archives/files/Community%20Leadership%20and%20Self-
Help%20Housing.pdf 
Van de Voorde, P., Gautama, S., Momont, A., Ionescu, C. M., De Paepe, P., & Fraeyman, 
N. (2017). The drone ambulance [A-UAS]: golden bullet or just a blank? 
 
 
 
112 
Resuscitation, 116, 46–48.  
Van Tilburg, C. (2017). First report of using portable unmanned aircraft systems (drones) 
for search and rescue. Wilderness & Environmental Medicine, 28, 116–118.  
Vreeman, R., Kamaraa, E., Kamanda, A., Ayuku, D., Nyandiko, W., Atwoli, 
L.,…Braitstein, P. (2012). A qualitative study using traditional community 
assemblies to investigate community perspectives on informed consent and 
research participation in western Kenya. BMC Medical Ethics, 13, 1-11. 
Waller, V., Farquharson, K., & Dempsey, D. (2016). Qualitative social research: 
Contemporary methods for the digital age. Washington, DC: SAGE Publications.  
Wargo, C., Hunter, G., Young, R., & Sherry, L. (2016). UAS as moral agents: Dilemmas 
and solutions. Proceedings from IEEE/AIAA 2016: 35th Digital Avionics Systems 
Conference. Sacramento, CA, USA.  
WeRobotics. (n.d.a). Patrick Meier. Retrieved from https://werobotics.org/team/patrick-
meier/ 
WeRobotics. (n.d.b). Flying Labs. Retrieved from https://werobotics.org/flying-labs/ 
WeRobotics. (2018). Humanitarian drone code of conduct- New website. Retrieved from 
https://blog.werobotics.org/2018/03/21/humanitarian-code-of-conduct/ 
Welsh, E. (2002). Dealing with Data: Using NVivo in the Qualitative Data Analysis 
Process. Forum Qualitative Sozialforschung / Forum: Qualitative Social Research, 
Vol 3, No 2 (2002): Using Technology in the Qualitative Research Process. 
https://doi.org/10.17169/FQS-3.2.865 
Winkler, S., Zeadally, S., & Evans, K. (2018). Privacy and civilian drone use: The need for 
further regulation. IEEE Security & Privacy, 16, 72-80.    
Wood, C. (2020). Spain's police are flying drones with speakers around public places to 
 
 
 
113 
warn citizens on coronavirus lockdown to get inside. Retrieved from 
https://www.businessinsider.com/spanish-police-using-drones-to-ask-people-stay-at-
home-2020-3 
Wootton, R., Craig, J., Patterson, V. (Eds.). (2006). Introduction to telemedicine, second 
edition. Boca Raton, FL: Taylor & Francis Group.     
World Health Organization. (2017). WHO guidelines on ethical issues in public health 
surveillence. Retrieved from 
https://apps.who.int/iris/bitstream/handle/10665/255721/9789241512657-
eng.pdf?sequence=1 
World Health Organization. (2015). Global health ethics: Key Issues. Luxembourg: WHO.   
World Health Organization. (2011). Standard and Operational Guidance for Ethics Review 
of Health-Related Research with Human Participants. Geneva: WHO.  
World Health Organization. (2010). Increasing access to health workers in remote and rural 
areas through improved retention: Global policy recommendations. Retrieved from 
http://apps.who.int/iris/bitstream/handle/10665/44369/9789241564014_eng.pdf;jses
sionid=1419F760BDCB5BC9A5154E4570C1D0FF?sequence=1 
World Health Organization. (n.d.). Indigenous Peoples & Participatory Research. 
Retrieved from https://www.who.int/ethics/indigenous_peoples/en/index6.html 
World Medical Association. (2018). WMA Declaration of Helsinki – Ethical Principles for 
Medical Research Involving Human Subjects. Retrieved from 
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-
principles-for-medical-research-involving-human-subjects/ 
Yang, J. & Reuter, T. (2020). 3 ways China is using drones to fight coronavirus. Retrieved 
from https://www.weforum.org/agenda/2020/03/three-ways-china-is-using-
drones-to-fight-coronavirus/ 
 
 
 
114 
Appendices 
Appendix A: Memorandum of Understanding between: WeRobotics and The 
University of Western Ontario, Canada (“Western University”)  
 
 
 
 
 
115 
 
 
 
 
 
116 
 
 
 
 
 
 
117 
 
 
Appendix B: UPDWG Recruitment Poster  
 
 
 
 
 
 
 
118 
Appendix C: Letter of Information and Consent 
 
Vyshnave Jeyabalan, M. A. Candidate in Health 
Information Science  
Faculty of Information and Media Studies, University of 
Western Ontario  
vjeyabal@uwo.ca 
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LETTER OF INFORMATION AND CONSENT 
 
For participants in the study: 
“Context-Specific challenges, opportunities, and ethics of drones for healthcare 
delivery in the eyes of program managers and field staff: a multi-site qualitative 
study” 
 
 
Prof Elysée Nouvet      Vyshnave Jeyabalan  
Principal Investigator     Co-Principal Investigator 
School of Health Studies     Health Information Science 
Western University       Western University 
London, Ontario, Canada     London, Ontario, Canada 
Phone: (+001) 905-512-2620      Phone: (+001) 647-463-0662   
Email: enouvet@uwo.ca     Email: vjeyabal@uwo.ca  
 
Funding: Western University Faculty Startup Fund  
 
Conflicts of interest: The researchers declare that they have no conflicts of interest in 
relation to this study. 
 
We are inviting you to participate in an interview-based research study. The study is led 
by Elysée Nouvet and Vyshnave Jeyabalan, from Western University Ontario, in Canada, 
in collaboration with Lorie Donelle (PhD, Western University), and Patrick Meier (PhD, 
WeRobotics).  
 
WHY ARE WE CONDUCTING THIS RESEARCH? 
We are conducting this study to advancing understanding of the work involved in 
introducing drones for health-related purposes in communities around the world. Our 
goal is to learn about context-specific considerations, strategies, and ethical and practical 
challenges of introducing drones to communities.  
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We are inviting you to participate in this study because of your experience working with 
a Flying Lab that has been involved in the use of drones for health-related deliveries in 
one or more community. 
In order to decide whether or not to participate in this study, you need to understand what 
you will have to do if you decide to participate. You also need to understand the potential 
risks and benefits that your participation could entail. This form gives detailed 
information about the study.  
You are completely free to accept or decline to participate in this study. If you choose to 
participate, you will always be free to change your mind. You can withdraw from the 
study at any time. If you do decide to withdraw from the study, you will not have to 
provide any explanations. 
Please take your time to make your choice. You are free to talk it over with your colleagues, 
with the researchers, with your family, or with any other person. 
If you choose to participate in the study, you will be asked to sign this form. You will 
receive a copy of this form that you can keep.  
 
WHO WILL PARTICIPATE IN THIS STUDY? 
We plan to interview individuals from various countries who have experience introducing 
drones to community for healthcare-related projects.  
 
HOW LONG WILL THIS STUDY LAST? 
If you decide to participate in the study, your engagement will last approximately one 
hour. You will participate in a single meeting involving a semi-structured interview.  
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In total, the study itself will last one year: data will be collected and analyzed in 2020. 
 
WHAT WILL PARTICIPATING IN THIS STUDY ENTAIL? 
If you decide to participate in this study, we will ask you to take part in a semi-structured 
interview via Skype, Viber, or WhatsApp (as you prefer). 
- The interview will be conducted by a Health Information Science M.A. 
candidate. The principal investigator will also be there. She might also ask 
you some questions. 
- Questions asked will be about your experience with drone projects that 
include the use of drones for health-related purposes. For example, we 
might ask you: "How did you introduce the drones to the community? ". 
Or: "How do you plan for a project like this?" 
- The interview will last approximately one to two hours.  
- The interview will happen in a place that suits you, at a time that suits you.  
- The interview will be in English, Spanish, Nepali, or French. If necessary, 
an interpreter will work alongside the interviewer to translate your words. 
- The interview will be recorded with an electronic audio recorder. After the 
interview, the NVivo software or a member of the research team will 
transcribe (write down) your words. 
 
WHAT ARE THE POSSIBLE BENEFITS FOR ME AND/OR FOR SOCIETY? 
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We cannot promise any personal benefits to you from your participation in this study.  
The information you share with us will help us better understand the ethical and practical 
challenges that frontline staff face when introducing drones into local communities for 
health-related purposes. We will better understand how to support frontline staff to ensure 
that drones are ethically and efficiently implemented. In the future, this will support the 
ethical conduct of drone use in healthcare by creating materials that stakeholders could 
consult to better understand, discuss, prepare for, and navigate the use of drones for 
healthcare.  
 
WHERE WILL RESULTS BE PUBLICLY SHARED? 
Key findings will be shared through a blog on the WeRobotics website and a webinar co-
organized by Western University and WeRobotics in Spring or Summer 2020. Co-
principal investigator Vyshnave Jeyabalan will be writing up findings for her Masters 
thesis, to be completed in August 2020. She and co-principal investigator Professor 
Nouvet will be applying to present preliminary findings from this study at upcoming 
academic conferences. Finally, in mid to late 2020, an academic article (for a journal such 
as Global Public Health) will be prepared with the plan of submitting this for peer review 
and publication. We will be happy to keep you informed of public dissemination 
activities related to this study, if you are interested, and regardless of whether you 
participate in an interview or not. 
 
WHAT ARE THE POSSIBLE RISKS AND INCONVENIENCES? 
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We understand that your schedule is very busy, and that granting us approximately one 
hour for this interview may be difficult. There are no risks associated with participation in 
this study.  
 
WHAT INFORMATION WILL STAY CONFIDENTIAL? 
We will do our best to protect your confidentiality during and after the study.  
Before starting the interviews, we will ask you for your name. We will ask you to sign a 
consent form. Only the principal investigators and co-investigators will see these 
documents. After the interview, the paper documents will be kept in a locked filing 
cabinet in a locked room. Electronic documents will be kept on a password-protected file 
on a password-protected computer. The Western University Research Ethics Board may 
require access to these identifying documents and files in order to monitor the conduct of 
this study.  
We will transcribe the interview word for word. Audio files will be transcribed using 
artificial intelligence, NVivo (Microsoft Software) and any personal information and 
community-identifying information will be shared through this process. Once transcripts 
are recieved, we will remove your personal information and community-identifying 
information: your name, and the names of any persons you mention, the names of 
specific communities in which you have worked that may be discussed. These details will 
be replaced by a number. A list linking these numbers with your name will be kept in a 
safe place. Only the research team will have access to this information. Audio files will 
be deleted from NVivo as soon as the transcripts are received and verified.  
Interview transcripts of interviews with these details already removed will be kept safe. If 
they are on paper, we will keep them in a locked office. If they are on electronic 
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document, we will keep them in a password protected file on a password protected 
computer. 
We will publish and present the results of this study. Your name will not be used in our 
reports, publications, or presentations. No information revealing your identity, that of 
colleagues or community members that might be mentioned in the interview, or names of 
specific communities, will be released to the public or published. 
We will keep these documents for some time after the study ends. Audio files will be 
destroyed after 7 years. Electronic documents with identifying information will be 
destroyed after 7 years. Paper documents will be destroyed after 7 years.  
 
IF I DON’T WANT TO PARTICIPATE IN THIS STUDY, ARE THERE OTHER 
OPTIONS? 
Yes. You do not have to participate in this study. You can choose to not participate.  
 
CAN MY PARTICIPATION IN THIS STUDY END EARLY? 
Yes. If you decide to participate in this study, you have the right to withdraw from the 
study. You can cancel or stop the interview. 
If you change your mind after the interview is over, you can ask the researchers not to use 
data from your interview. To do this, contact the primary investigator and ask her to 
delete the recordings and transcripts from your interview. You will have the right to do 
this until results from the study are published.  
If you choose to take part in this study, you will be informed of any new information that 
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may affect your desire to continue to participate. 
 
DO I NEED TO ANSWER ALL THE QUESTIONS IN THE INTERVIEW?  
No. You can participate in the study without answering all the questions in the interview. 
You do not have to do anything you do not want to do in the course of your participation 
in this study. If there is a question or questions you do not wish to answer, you can 
inform the interview you would rather not answer that question or cannot answer that 
question, and that is fine.  
 
WILL I BE COMPENSATED FOR MY PARTICIPATION IN THIS STUDY? 
No. You will not receive any money or compensation for participation in this study. 
 
WILL I NEED TO PAY IN ORDER TO PARTICIPATE IN THIS STUDY? 
No. You will not need to pay to participate in this study.  
 
WHAT ARE MY RIGHTS AS A PARTICIPANT?  
By signing this form, you are not giving up any of your legal rights.  
Even if you sign this form:  
- you do not waive any of your legal rights.  
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- you do not absolve the researchers of any of their legal and professional 
responsibilities. 
- you do not absolve the research institutions of any of their legal and 
professional responsibilities.  
WILL YOU CONTACT ME AFTER THE INTERVIEW ENDS? 
We do not need to contact you after the interview. If you are interested, we would be 
happy to contact you after the interview ends to notify you of a webinar sharing key 
findings (anticipated for Spring/Summer 2020), as well as to notify you of any other 
publications that might be forthcoming from this study. For example, we do anticipate 
sharing some insights from this study through a WeRobotics blog at some point in 2020.   
If you want, we can send you an invitation to this event. We can also send you updates 
about the study.   
 
WHAT HAPPENS IF I HAVE QUESTIONS? 
If you have any questions about the study, please contact:  
Vyshnave Jeyabalan  
Co-Principal Investigator   
University of Western Ontario, London, Ontario, Canada 
Phone: (+001) 647-463-0662   
Email: vjeyabal@uwo.ca 
 
OR 
Professor Elysée Nouvet 
Principal Investigator 
University of Western Ontario, London, Ontario, Canada 
Phone: (+001) 905-512-2620   
Email: enouvet@uwo.ca 
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If you have any questions about your rights as a research participant, or if you think that 
these rights were not respected, please contact a representative of The Office of Human 
Research Ethics (+001) 519-661-3036, 1-844-720-8966, email: ethics@uwo.ca.  
This office oversees the ethical conduct of research studies and is not part of the study 
team. Everything that you discuss will be kept confidential.  
This letter is yours to keep for future reference. 
 
CONSENT STATEMENT 
 
Participant: 
I have read or had this consent form read to me in its entirety. I understand the information above. 
I have had the chance to ask questions about the study. The researchers answered all of my 
questions to my satisfaction. I agree to participate in this study. I know that I have a right to 
interrupt my participation at any time. I understand that I will receive a copy of this form. 
 
c  I agree to have my audio file uploaded to NVivo for transcription purposes and 
acknowledge that my information will be shared with the software. My personal 
information will be de-identified after the transcripts are produced.    
 
 
              
       Participant’s name                   Signature           Date  
 
 
Witness (if the participant cannot read and sign him/herself):  
c  The consent form was read out to the participant. I affirm that the study, as described in 
this form, was fully explained to the participant, and that all his/her questions have been 
answered.  
 
                       
                         Name               Signature              Date  
 
      
       Relationship to the participant 
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Interpreter (if the form was sight-translated into a different language for the participant):  
c  The consent form was sight translated and read out to the participant. I affirm that the 
study, as described in this form, was fully explained to the participant, and that all his/her 
questions have been answered.  
 
                       
                         Name               Signature              Date  
 
 
Person obtaining consent:   
I have discussed this study in detail with the participant. I believe that the participant understands 
what is involved and understands that he/she is free to withdraw from the study at any time. I am 
committed to honor what has been agreed upon in this consent form, and to give a signed copy of 
this consent form to the participant 
 
                       
                     Name           Signature              Date  
 
      
Role in the study 
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Appendix D: Semi-structured Interview Guide 
 
 
Semi-structured Interview Guide 
 
Project Title: Context-specific challenges, opportunities, and ethics of drones for 
healthcare delivery in the eyes of program managers and field staff: a multi-site 
qualitative study 
 
WREM #: 113823 
 
For participants: Individuals working in communities on the front lines of drones for 
health programs  
 
Total participant time required: approximately 60 minutes  
Break: As many as necessary  
 
Pre-interview briefing  
The goal of this interview is to learn more about your experiences introducing and 
working with communities using drones for health-related purposes in (country).  This 
study is being done for my Master’s thesis in collaboration with WeRobotics. I am 
particularly interested in what you, as someone on the front lines of drone program in 
(country), have learnt to be important factors that need to be taken into account in 
order to do this work well. I will be asking you about your experience in general, but also 
about any challenges you might have encountered and strategies you have used to work 
with communities. The study will be comparing the experiences of staff from various 
countries.  
 
The interview consists of semi-structured questions. During the interview I may ask you 
additional questions to further clarify or elaborate your answer. With all the questions, 
it is always your choice whether or not you answer the question: you may choose not to 
answer a question. You can take as many breaks as you would like – don’t hesitate to 
tell me if you need a break please. You can also end the interview at any time.  
 
Your responses, identifying information, names of communities mentioned, and any 
other names mentioned will be kept confidential in any presentation or publication of 
results. Your name will not be used in any analysis or publications. A report of study 
results will be ready by autumn 2020 and can be shared with you form if you are 
interested. 
 
(The consent form will be emailed and signed in advance) 
Please feel free to look over the consent form again and ask any questions that you may 
have about the process. (RA will read the consent form to the participant if necessary).  
 
I will record this interview for data analysis and to ensure that the responses are 
captured and transcribed accurately. Audio files will be transcribed using the Nvivo 
software or a transcriptionist who has signed a confidentiality agreement . In addition to 
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those in this room and the transcriptionist, no one will have access to these recordings 
and they will be stored in a password protected file on a password protected computer 
in a locked office and the destroyed 10-years after our report is written.  
 
Authorization to record the interview: participant’s initials: 
 
Do you have any question for me before we begin?  
 
Main research questions (approximately 60 minutes; Probes in Italics) 
 
PART I: GENERAL CONTEXT  
1. Tell me a little bit about yourself: what is your professional background? 
 
2. What is your role and what are your responsibilities in relation to the use of drones in 
(country name)? 
a. How did you get involved in this?  
 
3. What are all the ways drones are being used by the Flying Lab in (country)?  
 
4. Focus is on drones for healthcare related purposes. Challenges, strategies, and 
experiences of introducing drones for health in countries around the world. Tell me a bit 
about the first project on which you worked in (country) that involved using drones for 
some healthcare related purpose.  
a. When did you start that work?  
b. Were you involved with the project from the very start? 
-If not, what was your involvement 
If yes, is the project ongoing or has it ended? When did it end? 
 
5. Was/is this a project that involves many communities in (country)?  
a. Why was a decision made to introduce drones in this/these specific community / 
region? Any particular reason to launch the health program with drones in those 
communities? 
 
6. How new was this approach of using drones to that first community: had community 
members seen drones prior to this? 
 
7. Did you or those with whom you were working have any concerns about introducing 
drones in this community (security, safety, viability, economics, sustainability)?  
a. What were the concerns? Why did you have these concerns? Was there anything 
you could do to reduce those concerns or risks? Are these concerns/risks that you 
have felt when working in the other communities also?  
 
PART II: WORKING WITH THE COMMUNITY 
1. How do you plan for a project like this?  
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those in this room and the transcriptionist, no one will have access to these recordings 
and they will be stored in a password protected file on a password protected computer 
in a locked office and the destroyed 10-years after our report is written.  
 
Authorization to record the interview: participant’s initials: 
 
Do you have any question for me before we begin?  
 
Main research questions (approximately 60 minutes; Probes in Italics) 
 
PART I: GENERAL CONTEXT  
1. Tell me a little bit about yourself: what is your professional background? 
 
2. What is your role and what are your responsibilities in relation to the use of drones in 
(country name)? 
a. How did you get involved in this?  
 
3. What are all the ways drones are being used by the Flying Lab in (country)?  
 
4. Focus is on drones for healthcare related purposes. Challenges, strategies, and 
experiences of introducing drones for health in countries around the world. Tell me a bit 
about the first project on which you worked in (country) that involved using drones for 
some healthcare related purpose.  
a. When did you start that work?  
b. Were you involved with the project from the very start? 
-If not, what was your involvement 
If yes, is the project ongoing or has it ended? When did it end? 
 
5. Was/is this a project that involves many communities in (country)?  
a. Why was a decision made to introduce drones in this/these specific community / 
region? Any particular reason to launch the health program with drones in those 
communities? 
 
6. How new was this approach of using drones to that first community: had community 
members seen drones prior to this? 
 
7. Did you or those with whom you were working have any concerns about introducing 
drones in this community (security, safety, viability, economics, sustainability)?  
a. What were the concerns? Why did you have these concerns? Was there anything 
you could do to reduce those concerns or risks? Are these concerns/risks that you 
have felt when working in the other communities also?  
 
PART II: WORKING WITH THE COMMUNITY 
1. How do you plan for a project like this?  
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2. Can you describe to me what was involved in introducing this drone-mediated 
healthcare program to the community?   
a. What sort of preparation was involved before actually showing up in the 
communities with drones? 
b. What was the initial contact like?  Who did you contact and meet with? (ie 
community leaders, community members – probe to find out about the process, if 
included phone calls, required field visit to some leaders before visiting the entire 
community, and their understanding of why that process happened the way it 
did). Who was present in those first meetings with community members?  
c. How did you decide on that approach?  
3. Set the scene for me: you arrive in village. You are expected? To whom do you speak? 
What do you say? 
a. It might not be easy to explain a drone project to a community that has never 
been exposed to them before. How did you explain your purpose? 
b. What kind of resources did you use to introduce drones? (scripts, news articles, 
videos, drone prototype, brochures)  
Did you have to adopt any of these resources (wording/examples) to facilitate 
the understanding of the local community members? If yes, how did you do that? 
Did you have to do this in all the other communities you were in? If yes, were the 
modifications different between communities?  
 
4. Do you feel like the initial contact was enough for the community members to 
understand the nature of this project?  
If yes, did anything in particular help you feel confident that community members 
understood the project?  
 
5. In that first project, did you encounter any challenges? 
a. What happened? Did that result in any adjustment to your approach? 
 
6. Was anything (else) difficult in your recollection? 
a. What happened? Did that result in any adjustment to your approach? 
 
7. With that health project, did you have any concerns? 
 
8. With that health project, did any of the community members seem 
concerned/unhappy/ uncomfortable about drones being introduced to their 
community?  
a. If yes, what were their concerns? How did you manage those concerns?  
Did you hear or face the same or different concerns in the other communities?  
What were these concerns?  
-has that been your experience in other communities and projects since? 
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b. If no concerns, why do you think no concerns?  
-has that been your experience in other communities and projects since? 
 
PART III: COMMUNITY ENGAGEMENT  
9. According to the Humanitarian UAV/Drone Missions: Towards Best Practices, “it is 
particularly important to engage local communities and involve them in your mission.”  
a. Do you agree with this statement?  
If yes, why is it important and how do you involve local communities? 
                           If no, why not?  
 
10. What does community engagement mean to you?  
Were you able to enact all these elements in this location?  
If yes, did you adapt any part of you work in this community to better reflect the 
needs and/ conditions of this community?  
 
11. Is easy or difficult to involve local community members in a drone-mediated health 
program?  
 
 
12. In the program we have been discussing, did you have any problems working with local 
community members? Engaging them? 
 
13. In what ways, if any, were community members invited to participate in the design of 
the program? 
 
14. In what ways, if any, were community members invited to participate in the 
management of the program? 
 
15. Are community members involved in evaluating the program?  
 
16. Are/were any of the local community members getting trained to use drones?  
a. If yes, who got trained? How many people got trained? Men and women? 
b. How did you select who got trained? Did they have to have any particular 
background (education level, ability to read, respected)? Did you get advice from 
anyone in the community to determine who should get training? Tell me more 
about that (who, why/why not).  
c. What were these individuals being trained to do?  
d. What did the training exactly involve? (How many days? What kind of activities?) 
e. Were there any challenges in this process? (ie finding people interested in being 
trained, the training process) 
If yes, how did you manage them? Are those challenges you have seen in other 
communities?  
f. Did you have to limit training to a certain a number of people? If yes, was it easy 
or difficult to limit training to a certain number of people? Tell me more. 
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g. In your view, is it important to train locals? What would you say is gained by 
doing this training (might be for them or for the community)?  
 
17. For this program, did you work with any local associations, NGOs, community 
organizations?   
a. If yes, why did you choose these specific local groups? Rephrase: How did you 
decide to approach these groups?  
b. Do you think it was a good idea to involve those particular groups? Why?  
c. Did you face any challenges during this process? (If yes) Tell me more about 
those. Were those challenges resolved? How?  
d. In retrospect, do you think that there were any other local partners or groups 
that maybe could have or should have been engaged earlier on?  
 
 
18. So, How do you know when you do community engagement work that you are engaging 
the right people or the right number of people? (How do you know who represents the 
community? 
 
 
PART III: ADDITIONAL ETHICAL AND PRACTICAL CHALLENGES 
 
19. So what are your thoughts on the use of drones for this particular purpose in (country)?  
Do you have any concerns or worries? 
a. Do you think people outside of these communities where drones are not being 
used have any concerns?     
b. If you were a residing in this community, would you want to see anything being 
done differently?  
 
 
20. Would you say this drone project meet the needs of the local community? How/why 
(why not)? 
a. If not, why do you think that? Are there any strategies that could be implemented 
so that future projects can meet the needs of the local community?  (Are there 
any suggestions you would give future teams working on drone projects so that 
they can better meet the needs of the local community?) 
 
21. Are the drones flying over private properties and/or taking aerial images?  
a. If yes, did you tell community members about this and how did you tell them?  
b. Has anyone in the community raised any concerns about this?  
If yes, what were these? 
If yes, how did you or your team manage those concerns? 
Are you satisfied about that approach? Were the concerns similar/different in the 
other communities you worked in?  
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